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.tiJ^^L<j<^l AjIj.£. -al jLJeTn-uL tliJjiJ ^CujJU (_>-->0 (JjjJL^ tilLxJI (jl-=3 lil .Y 













UL U^MUj ^btUI a^^l^j U^L^ii U<j,^tj j_« jri^=xJL^ cUjj / U^Jikll 

.( ^ ' ) -iJ^ f<u-u V J_jiaj ^jjJt-a tiJ>l^l — ) 

.( jkUJ ) j^juu^ — Y 

.AjjLc Ajjijj— 
.j«.<Jl Y (JJjLS^ 1-iLLl.rjJI AJijJLJJ j«^ . ) 

.cj ?i'i(^\\ 4 t^ "il^ ( (Jjjjt-ll j-ji) 41ujjilb Ccft^ e^JJ' *-j-^' < ^jl^Mj ^ .Y 

ul^ J^'^l tilLlJlJI L^J-La 4_iL^ '— '-P f*-^ Aji^L^lJI -^ 1-^ • "Ij ' <-£.U-l.rjJ I L^J^ ^j•^Je-l■rJ^L^ j«^ .V 

.tiJ^Lj)^! 4_i2j I^ ^.JLaaJI Jj^=3 Ji=LA!l I§_ ^iLoisj-a jji 






Jj>aU^l4DIJ5LuJI 






.( ^ ' ) -iJ^ f<u-u V J_jiaj ^JjJjLxi tiJ>l^l — ) 
.( jkUJ ) j^juu^ — Y 

.aL»J ajjL=3 — Y ■4_c£.l-J 3j-fl-Li^ — S 

.A-ULI X (JJjLS^ tiiixxJI AJijJLJJ <!2 .0 

.2j_ilx^| 4 t^ "il^ ( (Jj|j-«J.I j-ji) 4IujJLb O^ ^^JlII *-j-^' ( ^jl^Mj ^ .1 

.4Ji^L:=lJI 4 U , „lj t tiJ^L<j<2l (j-<3 (J J) jjt-<3 j_LC L^J^ (Ji=xJ A-ULI \ Aj 1 ,^^ t j^ .V 

.aLsJlJI 4 u , „lj^t Lc^-ftjrtijj ' 1-^ ^'^ <-uLi \ ^ I ^ /j , ^-i « t «_<3 Ayt'^^ I . .. (j.=3 4 ^ tl u ^^> ^ .A 

.tiJ^Lji^l 4_l2j I§_ 4_JUjtJI Jj^=^ J^iAII 



jj>ai] 4^l4L]| JSLuJI 






Uiiiaaii ^ d^u'^l liJ) ji)^ "^^ 















.( 1 ) -iJ^ f<u-u ^ tiiJL^ — ) 

.( jkUJ ) j^juu^ — Y 









Aj A:,^tl 2U '"Ij' /j^^^—i ,„ii ' ^jt-^r.i ^ (Y 



wmm 



k VM 






^zz^^ 



^pi^Ki3C05Bi3SpG^^*|jg^^^^l|j^ 



jj>al] 4^l4L]| JSLuJI 






T ^^ l^j ^Lg^ 1 4^Lx^l JJ>u)l 

.( jkUJ ) jj '-^^ — Y 
.aL>J aji^L=3 — Y .ij y<i^ — ) 

.<i-ujA (Jj-I^ t ^ , ^"i : 1 1 ^^ ( j<u-uYY ) (Jj^l tilLxJI aji^jiHj j«^ . ^ 

.j<U-U^ ' Jjt-^' ^^Ijla? JlJ>-f (j-<3 ( j<U-uW ) (_yJLi!l l-jLLrJI AJij-*Iu f«^ .Y 
.(Jlllj^ (J-i^i-*^ <jd>-*-^' '^^ -"^ 









;i 



ii> 



T 

i 



inui(imnmi(mi(( 



LJi 



h — \' 




jj>al] 4^14111 JSLuJI 



eJi^flSJLJ-iJI eJ. 


ViSjuJI 


£.lj^ 


aj$JLJlJJuJlj{»bBUIuLwLii^£Jj;UJ uLuiJU^IVluLwLiiliji 


\^^\iiMmi\ Sj^Vl uL^iiSJj 




Jd>*^« 


,j^Sj^^21\ 4 U "il^;) dsLAJjl (al-><Jj 4_j^ 


btUI .iJ>U.Vl a^l_^ 4^ , .'i, Ja^ / u^l 






tl^diBLaiuUlAll 


.U ^jui^U J_^e^ 


.^ ^^Uo .lil^ - ^ 






.( jkUJ ) jjJl*^ — Y 






♦ !^^,t^7,.,^f vt«tf 


.tiJ>U.l 4jlj^ - Y 




.^L^ AjjL^=- ^ 


.Ij-alui — 1 




.tiJ^L^i ^LLls - Y 


. J^_^ J3^ A^^ljj - 




.A^^LiA^^ljj-r 



:(_jJLl!l (_ji=LjiiJI I§_ Lc^j ^j^ (J^-ftj A^ .1 












:(_yJLl!l J^ Mill 4- l-*=3 CjLaIsLSI!! (J.c£.j tiJ^L^Vl 4_i2j j-*^^ f<^ .0 
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' 1 






^ ■■- 
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r- 




i 




1 
















- < 

1 
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> < 


» < 




» i 


* < 


9 i 


,1 




























































» < 


> < 




» i 


» i 





((_jj=LjjiJI (It '^ 1, 1 ) jjIjJI (jjij-ciJI (_)-«-«-! tiJJij 4j=LjjiiJI (j^ (Ihfj^ ^ ^Jt£. (J-«-*j ^ .V 






J 


""j : ^""^ J 


i "1 


F r F"! 


tLi rii 



jj>ai] 4^14111 (j5^l 






49SL-X1W U.^ J4£ t ^l>)l JJ>U)I 



^InJI J^,^,!l :^ U^ ciUjj ^^u^,!l «,,t^U J^uu ^ ^liiJI odL>-^' J^-*^' J>*^ (> 



tcnjjj-L^ 



» cll^lsnJLL cliJj 




jj>aU ^I^DI JSLuJI 












pJlx^tlHI lL^\^ iaUlJI foUJj <j^btlJI tlJ>UuVl aU,„\^ (^,t^a J^ .'ii J-cii / U^kil 

.( jkUJ ) jjJl*^ .Y 



.tlJ>L^l 4jlj^ - 



•Jd^ j^ ^^bj ~ ^ 



.aLj»J Aji^L; 



.tiJ>L^i <^LLal— Y 



.4jjLc. 4jJ)I )) — t 







:(_yJLl!l (J^xAJI (_5i£. J ' r^ >•" t 4j(? Till tiJ^L<ji^l aU, f Cfl^ 1 (j I >> t J X_^ (jIAJjJll Ct-L.LLU ^ .0 




jj>all4^L^IJ5y^l 












)-jJlr-l?tl 4U,a\^ ds[2li\ JkUJj 4_L^btl!l tiJ>L^Vl 4l^rcfl^ CT^J-* J^=^ J"*"^ ^ U^^Wl 



. 1 ^ Jlc <-ujO (Jjiaj (~i ir^ a (_j_<j<L>j <-£. U -i-u . ) 



.cjJilus — i .tiJ^L^I icLLal — Y 




:(_yJLl!l J^xAII I|_ Lc^a f<u-u "I xJLtis L4I0 J^3 J>^ tp-'b Cr^Jr^' J^xAII p^Ltisf C^-luTli a^.' 




jj>aD 4^1^111 (jSLuJI 












a^LJiiis^^X^ ^< 4*^>^i «^ 47^ Jd)i-«^ '^^ 
















J^lAII '^ La^= AJUoVj 4 qf Ij aLstill iiiLflJ jj^^" j? Jj_U jf JlAJ JlA^Ij Tt^LlII AbtUI <Jl)Lo>Lc ^JJ3J 



:4_lILi!I (— iLli-u^ ^^?^tJ-^ "^ij *-ct^-"J VJt^ 'M aL*JlII jj'^'~-jj) 
(—ijJilil Ju ij^ AjjLsJI jljJLilj Jl^ aL»J Jtir I^ ^.SiiJI ajLC .0 



^^lj»LftUI 



s^ ^ 












.( jkUJ ) jjjLt^ .Y 

.jjjLt,isS ila^Li . ^ 

.aL»J ajjL^ .Y 

■^j^i'^tVi ^t-.;;ti LJiijIai (-..j^^cJ 2hi .1 



.<^_3P=xJVl <^_^l .rMjTit ^Jla .1 
























.^-L<^A-l!I 4_iJLc (_ji-l JlJ I ^'^— ■'^ {«-! (jjjJ' J_»-al_L»JI )>_L<^A-U j«^ 












^LmIsLEjIj^^^aE ^^J5^4^d%i/id^jLuS>jt4^Lx^lJj>42)l 



.^«.a:^»JI cjuJuus iljjjt-a tiJ^>L<j<I . S 

.j^jSljsJI 3j-L<-i^a 4_jjjjL>j tiJ^L<j<I .Y 

.4_j.<j<L>iJ JoLSij ^jJ .1 

.aL»J ajjL^ .Y 

.tiJ>L^i ajIj^j <£.LLal .Y 



7= 1-3 j-a j_<i 



1 e\^—\ Cy L^j_^v (Jj=^_ii (_5-JLc (_ 



I rj-UI (j,-1Lc I ^m'^j^J tiJ^L_<j<^l x__iia.SIu jtui . ^ 

















.(_yJLl!l (jjj-clll J-cjlI tiJ^Lj)^! tiijij ^ aUtill cL^Lij aji^L^JI 4 t^rcfl^ .T 












.<.:xLj>J\ cjuJuus iljjjt-a tiJ^>L<j<I . S 

.j«v^^^l 3j.,Ju^ <^Uo tlJ>U.I .Y 

.4_j.<j<L>iJ JoLSij ^jJ .1 

.aL»J ajjL^ .Y 

.tiJ>L^i ajIj^j <£.LLal .Y 

















.(_yJLl!l (jjij-clJI (J.«-«J tiJ^Lj)^! tiijij ^ aUtill cL^Lij aji^L^JI 4 t^rcfl^ .T 






.( jkUJ ) jjjLt-isS .Y 

.4_j.<j<L>iJ JoLSij ?-jJ .T 

.aL»J ajjL^ .Y 

.tiJ>L^i ajIj^j ^LLal .T 







■ 4_tjj^"i'^jyi Ajiia^JI t-^jJa AjjLsJI «U2 (_>xLXi>l3 ,_$ jjl oljJI (jaii-b ^jtla^JI i-^j.Iaj jkbeiJI (_>xlxiV . 1 
4_jJ_j^p^iJVI 4 «U^tl L^j^ L^la ?rj-><J (j^JI 4->"Atl ^b.^ LojJ^. AjjL^iJIj aLstUI Jlaj? .0 







>j;"^tyi Uk2U BJljIjJI l^IjI=V| ^>^ ^ .V 



Jj>all 4^14111 (j5^l 












iPl^l^J^ 



tiJLjIjJl^J 1^1 rrii^'^ ^<U-£ f«V g ( JJ L»-l^ lLiJjJIj A-JjjfLstlll tiJ^LtJiVl JjJU-^ (JT^ S"^^^' O-^ *.L^IuVI jLftJ 



^JL 



( »bVlQu2j!jA)»bVl;^>uu 






(MJ 


45> 


V 


(3yukIUJjL3j(i£ 


>tdLaJI 










(_j.jjiL;»o i^ll f If fijjj-ii£ 


^ 










^jJlx^J 0-"b-'W g;dbLSlA LTA'^l... |aL»J 


Y 












V 










4-ft-l2rLl.rj.a 4JL»^J aLj^J 


1 










. 1 t-^j.^ ^Jit^j aLjkJ 













4"^,,';,tl,UI?-,pUt 


1 










,^^,.=^.,.^.=^J^ 


V 










.^...^.J^ 


A 










(^J^J^=^ lU^ 


\ 










4-MI",tl <-,Ujltl ^<. 4" ,V,^!VI ^UMI -M'-^ 


) ' 












) ) 












U 












W 














UjJUIi^J^ 



ujidUluU^ 




























(Sj^tlj2j|jA)»bVl;i;>Lu 


jmLoJI 






jZu 


lie 


32I« 












^J.LJJ[J>^ i-iLli-u fijjj^a^ 


) 












^jjLt-^alj 0-"b-'W cnJLiLSI/i (j;A^l..f foUJ 


Y 












^jj-^^j jrl2jLkl/3 jri^=il^ ^UJ 


r 














1 












. 1 t-^j.:^ 4_li^j aLjkJ 















a^u'i.tLUi^^pUt 


1 












^^,,^,,,.^.j^ 


V 












.,...=x.J^ 


A 












^^Ji=^ Ja.1 


\ 












4MI",tl <~,Uj(tl ^<. 4 ,V,^!VI ^U?\\ -M'-^ 


\ ' 












E Cilj^ J^=L^ (Jyl^ tlJ>Uul tii^J '-'^^^'J^ 


) ) 












F L^J^ J^=^ ^ tlJ>U.I tli^ 4_.,J^j3 


)\ 














\X 






ijJlJJI uA\ 4__JJjJl!I 4__=lJLlII 

■c^'iffln ll LUJlillq ■««-'inl l pilnlll iinlnll niiiiiiq nll 



J 



3 

1 






I 

I 






(_yjGLil!lj (_y^jJI 4_LC.jJj (j^Li2JI jl-4:>- aI JtielLj)! (_yic. ijL^il <_jjjuil t j i 'I'l^j O 

.DC J .-I M, 1,1 J ( AC ^^^1 )j^l Js^l ^LjS ^ ijL^I ^j jUI ^.,,,,-i^j o 

fljjIjJI JS^Iji jl jJuuail ^ j-a."L...j.l I j j.^*!! I JL^Ttei! jL}l!l o"'^ Lr^ «jU^' VJ^' '."""'^2 ^ 

.L^lp-^Lt^ JijJlj>oj 4_ajLHI (_>uLjS (jyic fijL^' <_jjJuil t J I'l'i^j O 

Alcailj J-Jllil Jl^^I 0-"L;i^ CT^A-*-^ -J^-^ 4-<3>LtxJI CjUIj^JvI f-Lul (_^ Ij^ll t_ljJLlll jj^^J jl o 



rdJb-^l jkUJV £^>m (j^l 






.^H;j^3^Vi ji (Multimeter )j:l,l^l-lUI ji ^iji:Vi ^jull^ o-'U^' 

j-iJuJll Jl.^.:>JI (JjjLjSj Cj_!^ (_jJLvj jJi-us (j_<3 (^UL^J j-cILijJLI Jl.^.:>JI (J^LjS 4_JL:=l^Lj ti^_p- '" ■!'Jj^"'^~' ^^ 

.Ojj^ 1000 (_yl>-J jJa^ (3-<3 (AC) 

jLjlII (j^LjS tiJL!JL.=3j aji L-*^ 100 (_5-^i^j (^ji 1 (j-« ^'^ (jijLajLSil (j^LjS <<"t^ '"^^ I ii^ <^jj 

CIjIjLjj (J^LjS tiiJJL.=3j oJ_^ jJLj^j 5 (Jl 1 (j_<3 I Jljv ^-^jJLc -ij-4^ (J^LlaJ jLlLs-I t-^j-Ia (Jj_»^jIJ ^.j^LJsI 
^^^V\ Jilc ajLJeTn-rjj 4_cJb jl Ju-aV (_^jj<a j.114^ Cr^ I ^ ' ^ * ' ;_gjlL>iJ I -■\^— ' jll=il jl j-u-al 10 (_j!l J "^~ '^^^■^ 

^Lia (yt ^ju ^jo ,„i,i i-^iUi ^JL^j jji ...cjUUIj cj>l>L£=lJIj tiJ>u.Vij (Short Circuit) j.^~^\\ 

(Analog Multimeter) ^uui c>^l-2li : J/^i ^j-^i t^n^^aVi o-'W^ <>« jl-^^^ -J^idj 

Jla ^^Li ^^ o-'LmJ' '^^^ ' -'j :i'\'^j ■" '^^i (Digital Multimeter) i^jJi c>^l-2li :c7^l^i 



:(Digital Multimeter) ^r^jJi o-'U^' J^=^ ^>5 '^^^ j>^'j 







i 


^^^^B 



:(Analog Multimeter) ^uui o-'U^' J^m. ^j3 ^LiJI j>^ij 



• I 

H' I 



Lc^la J^jl! r j-^ (jyij L*-*^ J 






cUjIj_j= t_^cajv 2^,15^^ J^=^ ^ji^ijJaj j_ijli ^^ jl-cIaj j^j (Analog Multimeter) ^uui 

.4_LLiua 

(j^LmJi i^ J^^J^^ ^ cAjIcUI o-a j^_^i J ^ai jLieiL^vi j_^ij j^j (Digital Multimeter) ^^J^\ 
(Analog Multimeter) 

Jl^I tiJLiJIj i 4^L_<il<3 f-\j-^\ (.5-ILc ,_^jJ1^ L^*:}-*^ I ^''^tj j-^T (Jl jl— 4^ 0— a Jl ^ MfVl cJiJOio Jl^ 

tiUj OJljv I jl .^jjJ^\ i-^^L tiJj.j»Llj L^_9_^ J-^jJ-' ul-^ o-"Li^' «^L-"' tljL..i.L-->J,l I - ...'^^^ lit Lot 'tA^V 
jTLft-LlUI I§_ . La JtielLtxi-a jL^j>JI (Jj_:=lj V LajLi^. j i^i^^tl J^J-a 1 U u .^ ;_$? jL^^I 3jjL«JI ^LLIII I jui -ajLJeTmjj 

jl 4^^>«J Lc=3 (DC) (j-d-i-u-a )exjlj jl (AC) ^^jli-a Jl.^ jI jLjj (_>oLjS jL^^^^ u' I ''^<^J rLliil I Jl^ 
.4_ajLSil ^-<ijS LH'-i^ ^^4iP LaJilc. DC J-*^J i§^ T-Llail I jui x_<iaj 

. V L^jjv j«j |_^ J . ^ ^ 1 1 4_4ji!L) L^-jJI jLiiiji^ oJjjiJI 

.j_Lj-a? (_ylij-a ;_5? mA '4rJ^ (^ Laj^L <L)J1 jLiuj j-u-a^l 


















r^ — r 



'V~ f 



^jl da-jvV .(JjjLlSJLI \J-& (_j!1 VI j_ks_b ^1^ 4_<3jLS^ ''— *Ti^ ^j "j^ ' L<3j_LiL2 ;_gjJL«JI (JjjLlSJLI J-&J : i/ajLSJLI (JjjLlS^ 

3?.lj_£ (j^Lj2il I Jl-^j L_(-d=L-<wj .4_<3jLSil (JjjLj2-<3 (JjLj<I jjij :(iJU) (ojLiiJOj-cILi-aJLI jLl1!I jI ^J^4^' 0-"'-;i^ 

.(DC) (>iljLi!l jLjlIlj -J^4^' ^-<hi^ 




^^1 ^1 J^ 4yijL»L)l >C»uUi Ulj^ 






:<OLal jLjeTu-ul 
.DC V j-cIxJll Jt^jsJI 4_<ijS (j^LjS .Y 

.AC V ^^J^\ Jt4:>JI ^-*j^ o-"L;i^ -^ 

.DC mA j.,-1,,,1,1 jLUI ^^^LS .1 

.AC mA ji>>il' jLj:^' ^-*Ti^ L>"LxS -^ 

.( n ) 4_}-ajVl 4_<ij2JI fi«ilj-2j (_>.aIi.oj i^^jLtJI ^jjJilJI — ^ 
CjL^ojJlJ CjMj J-*J fij-du-oJllj fi^.Jpil 4_jlJjjaJI (j^Lmj ^jJilJI \jJt (j^"^i — Y 

. 250 - 50 - 10 

.CllJ (3-Ll.rjjjJL fijLiVl j_L±:=lJ «J^ (^jTn-rj-a (J^LlSj ^JjJllJI \ jjt (J^"^l — 1 

( OFF - ^ - DC A - DCV - AC V ) ^U^i ^Li^ - o 

.( \J LI ADJ ) (^j'^' J-fl-l^ I U U >l t 3j_L!lL<3 4_<3jLL<3 — "I 

AC ^.ip^ jt DC j-clu-u-a Jt4:><il \j-& <^>J l-« '-A>-*^ U^ S-*-?^ l^>-4-> (J-u-lSTli-u '"'^^^ lil 

Aj^JlsJI 4 ojtiti (jj;^" (jl 4-i^ tiiJ Jl^j <— ij;lt-itl Jt4^l '^-^^-^ Cr^ ^LLaiJI ^Lli-a i U u >i t tiJJij 

.jL^^I ' ^l"j V (jyli^ tliJjj «Lj<LjS . I J I U 1 1 1 /j-^tl A^njiki ij^j..i^=i\ ^LLaiJI T-Llii 

250 , 50 , 10 (j^j jl^i ^,^1^ cjUojjg Aj^iii «iJ jL^ij 






( X 100 . X 10 . X 1 ) ^^i_ai -,/v?i ^_j ^ ^Lkui ^\ii^ ^^ - 

liL^ ^JJJlIJI J-^JUS ij)\ J-UiljX\ i-^j.^xl1x2 1 ^ I >> t J X_^ ( JlJ.<Jl^lj J_<JJV^I ) jL^^I L^lj^l (J-»^>i ~ 













e^l^l /V ^Li jLJiii 












(Digital Multimeter) 




.l^ljp. 



ws^-f* W*- 



:(_yjij (JjjLlaJl! ^-aJtielLijJLI (— iLi-rjAll (_ji-JiJ LL& 
^_yU-LlLj jLuJIj Jl^.:>JIj 4_ajLSJll (JjjLjS J_Lc a JiitlLijiji^ ( V 1 ilTlA) jj-ajJL j_iluj-a J-&J (—i^j^ (JS- J-a . ) 

j-Lj-al 
(COM) j>ajJL j-<ij-a ^j ulLtt Ji- Jl^ . Y 

l£>^' fijLiL lj-<ij-a jj ^^j ji^j ( lOADC) jj^jJU j_<ij_a j_iij j.^ij^VL ojLill jLj1!I Ji-Jixi .T 

.tiJLjJ (^^jJI jUajIUI (J-uLjS 'J^ (— >-l.r:LV 

.^\lj^\ 4^Uo 4_iLiJI 4-j(st^"i,,i — t_JLJI ijLil jla (j-"LmJ' ^1-"' t::jl-.-cL>dl \;,„'^r lil Lui Jij>-V 

(life) t— X rrl*^!! (j^LiiJ ajLJeTLl-rjJJ 
^3: V--'^^ NPN jl PNP J-ijII ^>>JI I^ Jjl-^J^IpJI ^\jL\ Ji-JG UAJ 






aJl^ Jl_Lc jL^^I jiLaial (jailj >L2 4_jjLLa_L!L J-cJU 4_Jl ^-p> jTu-ft-LlU I j^LaiaV -a jLie."i-....u>j OFF . ) 

.4-al JtielLj)! 

aLcrjlf 3Jl^ (Jl ^ rrir?a J-&J CxjLl!! Jl^^I (J^LlSj LlllCj JlIc ^-iJjjJI I jui (Jl t-LlHI tiJj.^»Jj DCv V .Y 

.«L^LS jljj.1 Jl4:>JI 4_<ijS S-'-'-'''^ 

Jl^jliil Jt4:>JI o-"U^ LTllCj Jiic x-JsjJI I jui (J 1 r-Lliil tiJj.^^j ACV .T 

jf j_Lj_af (jr-lLij-a ;_$ f j_iji_*^ I O-jLHI jLlI!' (j^Lmj 1— lllCj Jiic x-iis^^l I jui (Jl T-Llflil tiJj.^»Jj DC^A .1 

juu^^L ojLill jLjIII (j-"U^ LTllcj Jiic x-JsjJI I jui (Jl ^LlUI tiJj.^^j lOA .0 

(_>_l.r:L-->0 aLcrj^l 3 Jl^ (J 1 ^ rrl r7 a J-&J 4_<3jLSil (j^Li2j LlLlCJ JlIc X-tis^^l \ jjt (J 1 ^LLULI tijj.^»jj Li .1 

j_o^3 (J^iAj (j^LmJI A^^ ^J'ii^ Ct-^ '^^ ajjj^ ^-*tJ^ <— ili (J^LlSII (_ji-^ 4_<5jLLa ^jj^'^j (jl J i >i i7 j . S 

jlj_cIL<j<L (j-^_«JI J-pJ (j-C (j^-ij fij-J-ll ^ JtJi (jl ^-^P- (J-»-^' (jj^'^j Lp>»^ (JljLajLSilj J (^?\\ ilaLiJj 
I Ji_<i (J— a *-(jj— ^ L^'^ j'^ I— ^ jl ^^ ^^^\—us[^ l—LaLjS ?.l_<3l '~'j "^^1 pL<a.i-u ^ '^^~'„' I— *->ij J— ^J-^' -^ ^~V "^^ 

4_iajQicJLI (JjJi-iIuIlJI L^^jj-ksJj '"'I A 1 ,^11 ^.qjre-La LJDLcj jI Lj-c^J U'-^' *-lj-t^ (JjjLlSJLI ;jj^-— -j ^jI 4-1-^ •Y' 

■ 4^1 t-.jtl j-cr. J_^laj (_yl>> (_y3l jjl <.UUVI 4_u^U> (_yig. (^>1^ (jl .1 

.(short ) j<r^?\\ JlxJ= AjUjv ij.il J ^J^ l^>^ u' -^ 






L^la ^^ ^jJj V tulj/^lj ^JUJI 

't^; '^^ 4.jv_^l ^j_a 6-<J:^^' L$>i»-!' V-^W^' '4r ^-*^'>" (*i^' Jrf-'^-*-^ T-Llla al jL-eTt-i-uL f^J-^ (jjij-clll I jLji I§_ 

.L^jiajLjU jL iT l v zl tiJ^L<jil (j-ujjj (jai-ai! . 1 

^jl li-.^P' ( jL^-sJl! ( ■ > f cf 111 I J j-<tri-i.rj.l I (J-l^-iTuTlII (jL«_tiaJ LjJ I JljUjji I c-^-^ < ^ t < >i" jL^^I ciiLjjLLaj i Jljj Lojiic. 

.4_uj<l_L<3 fijjj^ jL^.:>JI 












Va.>»J) Li>il 



j>ii 



^^1 Li3lJ3>^lj ^JUI jL^I J uuLUI jmI^\ dfi\^ 



:<LLjS^ S*.Ij^ Ct^ (Jj-uartil 3Ji_^j^ 4_l!L1!I (^jjJisJI ^jj;^" ij\ i— xj>o 



koI— iiil (-^Jj-^ J— ^J-^' J ^~' ' "„' (*^ '-^! ' ,j "^"^ ^*^ 1—^ ' 1-^ ,„jtl ^j^LlSJLI (j_a L-J£>2 J-^J-^' ^ 






.JljJlJv 

Jl^^I (JjjLj^ JlJ^. (JLHI Jjj f If (j,-icj i^^jJll T-LliLftj L-^-^J^i jLiTu-U Orjt- ir^tl 4 ojJitl aI Jtieluj)! Cj.:>o .Y 
jLa ccJji 10 ^J^ i^^lc LLaj;j i>,a ^jA.\ y-Lli-a jj ^^j LajLlc 6.2 (_;^ j_>ijll jLii lil j-ftlxJll 

:(_yJLl!l j_^L2JI alju-eTn-uLi tiJJjj oJ_ji 6.2 (_yjfc 4_4j2JI 



^:iJ> 



ijUI 















.JLl 



,.^l , 







m 



UX^ I 



:4_iJLl!l ».L^i.u^L 4^jjt-<5 A 



aUiili 4 



(Screen) ^LUi 
I (Horizontal) ^^f 



Cj-£jJI J ;_$JiJ_flJLll J_JJ>J,L! Jl.^^1 (J-ii-O I 



(Power) j-L;-.fa:Jl (Vertical) i^:>>*£. 
(Trigger) ^>l^l (Inputs) Jj^loil 

Jjo^aJlII J;^ ^crA" '-^^ cM- ^j^ L^ .J^tl! (j'^lj 

( Screen )^L^1 



>f^ 






















>^J-J1>^ 
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aLi-rj^^l ^JLji (j_a Jlj>-Ij (J-^ .cliLjijj-a jl ^\-u±k\ cj-ui£. (_5-1Lc ;_5jJ1>o_j (j-ajJI (JJL<wj :(_y2^^l jj.>J,l .Y 

( Power )(JiiwDl 

^LLLa tiJL!ji_=3j 4_iiLiiiJI 3?.l_ii3Lj p^-— ■-*•" ^1 ^LliLaj (JjjuIuIlJI jj (jyic. ;_gjIl.>o ' ^ 'j^^ ■ -jlj ■ ..jVI ^^^ *.j.^>JI I Jiji 



■ I 1; r r r '' fn ^ 



( Vertical )^i>46 

J^=^ ^j^ I <j;^«;j 3LS J^=j (input channels) JL^4 ^LS ^^ i^>^^ c^Lj^ '".ib"'/^' 

rf>— crj^ (J_=3J (JM;''— "^^ (2^«^l.rj2 L3-^ L^>-^^ (^JlJ-«-«JI ^ rririil (jL-2 i 4_iiL<ilJI (j,-1Lc (WdVetOrni) (_jJVJ_^ 



;_5JlJ.«JtJI ^ rrii^tl I|_ Te-uLlil <J Jl& (J.«JLJ ( f7J^ (Jl>-^ (j'^'j 

. L»-<5 L«.^-)Jl^3 jI^ ' 1-^ ^'^ 4_»jLiiJI fiLLSJI fijLil jl ' '-^ ^'^ (_j!j2l bLlsJI ijLil ^_y2j.£. 
j)\ (LjjIj 2jL.it) (J,-.-" e5-^ j' (3j-L<r.-a 3jL.il) (_,-.-" ^5! lj^ j'— ^^ j3-" '■^^^-4:' tfijLiVI pj_j jLjii-l jj .Y 

' ^ 'j^^ ■ -jij ■ ..jVi 4_tiLi (_jJlc j-flj^l ^j-« JijJl;>ij ' ^1 ^^-— ■ ^ ' )«_ii3jJI Ijui ^j (fijLil (j^jS) (_j_ii3jl 
jj.^>JLl 4-L^^-"'^' i' cjJl^'^' cj'! «j1-^)^' tlLjj^.M ;^<^j j3-JI IJL^ :3jj_x^l j_xi=j jL_jIi>-l jj .Y 












(_)l3j)j_«Jll (_yJLLAJI f<U-ujJI I§^ '^-^^1 O-"'-;*^ 4_Li.r±J I§_ A^i^elJI (j-^x^ t-LlHI I Jl^J : '^-^^1 jL^H*-^ 7-llfl.a .1 







\ ik^ J^ j^ t i^' J^) jV 



^^'jA'4 



:4_ii»_l La Tc-Ja^Li-u (JLiiJLI I Jui 



^, 1 
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T 
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Lf^^l^'.' 
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. .y}^ 















.oJ^^ 5 = 1x5 = j^\ 
( Horizontal ) Jak\ 

.4_,iLAII I|_ (JliljLiVl (j-<3 ((j-ajJI JJ^=ta) (.5-^^' *-j^W («-^=t^tlII j,'^-^ 'i^ (<u-a2JI I jui I|_ 
: Lq- A j Cfi <\<j6 (j-Lr»oLL<3 Cr^ lS3-'^^ Ct-^^' r^-'-u-SJl ^jl i^j-i fljjjuaJl ^ ^tjisj-a j^ 1 o ^■— i 

^J^^j-xX\ ^1— lJI ^<u<-ujJI I^ O-^j-^^ O-"^ 4_i.u±j I^ ^'^■fclJI (jJ=L^ ^-LlHI lli^ :(j-ajJI jLls-o ^LliLa .Y 




lI!I ^c—tis^ ijj_*^l ^Jui 






iie^ 



















.^lii 0.8 = j_)j^ J^xJ i^lii 0.2 X cuLjuj-a 4= (><3jJI 03^^ ^.j^ J^=J 



*-5y^ 




(Trigger) 3^1 

. 4_»Lai3 1 J j_lC J iHjU j_lC ^jj*^— ■" • ■■ ijjj^l ^jLa ^^iiaVI 3j.jl^ j_uG ^jjJljj I ^ • '3 

t£jjj iy.ujjselj^^ .lJ^Lc jjlL J (Normal) (_$jLc U^j dhl^Lp- ^t-itj jjJI I jui t^J^LLsVl ^-SjjIs jj . ^ 



i^^l 



ffi 1 




2jL.il jj^ju^ja 7-Lla.ft^ ^^LLiVI fijL.i| 2 






.4^jil (j^ (j^^*-^ *-j^ l^^ (jr^t-l^" (J^c r jJ I IL&J 

=jj jjLj-ii^ jLjiii-l (j_:=i-<w Ljji tjJ^^LLaVl 3jL.il jjL*-ia-<5 .1 
:(_yji cjljLiJI ^jui ^1 .cjljLp- 3jlc I -j^-^«j tJ^LLaVl 

.LjjvjLw ^^LLaVl 3jLil jjLj^a-a (jj_:=ij x—tisjJI \j-& I§_,j (_yjvjLw jl liXtGrnal jl ir^"-^>l J-Aj liyCl J-*^J 
4_ijvjL>JI 3^^'^' «J^i J^"^ (3d>^ L>^ fijLiVl aJJt i^JJuj 

jLiVl ^> ^AijjJLI 












1 tjMiaVi uj-^ j_ii=yi I JL^ 4.J (_>iiAiti^ jijijji ji Low Frequency j\ <r>-,^\ j^j LF j_*i=j 
_9_iij AC (_^ (_;,.jLAjIaJi x-iisjjij .DC J AC i-AJij jijLp- j^jj j>ii I JiJi 4- :(J^^')^' 'jL^! f^J • ^ 



I JLji jLjIi-l jcILj .^^^LLaVl 3jL<il f Jl_u 4^jil 4_l!1 J ■^" LajLJ^. (j-^-it-a Jl^ jLjUi-l LLlIc l 



.DC, 



.JiwjJLI \jjt jkJiielxxLJ Lola 4_t>.jU. tJ^LLal fijLil jkljiiel^V LJjLjl>-l 4JU- 4- :(J^^'^' 'jL^! J^-J^ •'^ 

( Inputs )Ji- 1 jUI 

. JjVl iLliJI :§_ lfu}j Jl^ ^I <^jII JLi^4 Ul^zx^ 42^ (>i : JjVl 3l_LiJI J^Jl^ . s 

j-p.<j 4_Jl tl.-;P- '"''.'J^^j'j '"J?^' (J-= 4- -^3i '^ J^J^' ' j^-* -4 ^^~^^\S!\ ,U7,\\ jLl'lvI Ji-J^ .V 



<■ •,! XL-r' 






S (_)i-l jJll ^Jui (3d>^ L>^ <— ij;*^ riijljf ifjVLl Ij^lj^ ^t'J-' ^Jt;=e^ij-u-l' <Jl!^Jj^jlJI ?^ La (j*^ t j 
_._<.cL>- fiJjLJLLa JL^^L^L (_yjt3 (jr-*i (probes) ^jL-cl^JIL (_5-«-<-uJ Cj>Ij_»^j1!I ^j^ p^j -ajLJeTmiJ 

: 4_IJL1!I JJ Ir^ iLj 7=_ti3J^ J^ I 0^—1 

'i?! L^jJrJI J VJ^ "'jb'"i'^' ^ ijLiVl Ji- Jl^ l^Ij_UV| Jl^I cLjjJ ^.j:^ BNC-BNC 



V 



^J-^^^J 
















Lta£ La fijJIj (j_<3 4_LL<-a *^lj-<5 I§_ ajJlL^I (JliljLiVl AjJjJ '_'j^^ •"J*J"'J?'^* J^wilujilij; 1_L==3 lil Lot 

,(0 



vuiji 
















(Test Board) ujUIJI^^^ 














(Test Board) ujt*Dl ^ j>liiuttl ^2i2j>b 

j^_^ (^j .^i^i^tvi j^IjJlJI jL^Ij vjl^i ^ij^)^ (Test Board) vjk=^' ^_^ J^af,,,,- 









-I 



aki 



ta.Jlk 



T 

1^ Aid jrf 

I§_ Lc^=3 <j3j_<3 AjJjLiL^ LLijlj_<i Ljjtjv^^ <_ijL»lIiJI 4jv_^ ct^^ '4r ^jL*-" ^-j^ijiiji^LtJI ^.LlLJI Ll!jf jl 




Lot Aj JlJlIJI jJlL^a-aj ^jLjUa-JI lLujJ fiJlLc jkjLielxxiJ (Jjj^' (J^W ^^=t^>t' 4_uJl«II iLaj-iiVl 






jt^ 






^:^-:::-: *^iJ^ 



Ajtfl*^ ■^^ ^Ita^ J^^*^ 






















^U, i^ Jja 


3- 
3 




■4i' >'.' 


C.<si ... 




P^ 



JJLa .((_)-is-iiic-i-ll -^4^' 4la2J) J.lij<^l ^Jl ((_yJL»JI Jl^^I ^Uri'O Jj^l Cr^^ (j-^ v'-'-^^ «^'-'''' <J^ ijj-' 

jjj .((_W^I Ji-^D ^^■^^-" Jl^^I ^i=-^ (j^i (J:^' ctJL^O ctJI-*-" -J^4^' ^-^=-^ <>« l^J-^ J^i^' U|-^ ^Ul 

.AJ^lii J^LiU L&Jl^JV (_yJI 4 t^riltl (Jl cllLlIji flj-iTa.'tJI Cj\ji aU?'(]\ (j-<3 i-jLLrJI I§_ i^J-lmJ 
(Jj2_<jjIj 4_Li2j (_3-l-C'^ O^ l3J-^' (^jLi-rjJ Jl4.:>JL2 (J_l>JI f-Lajjl (jalJ_Sj I -:^~' LoLcJ S Jl4:>JI (jaiji ' ^J^~' '-^! 



4 L^ 1 (MO , 'l * > 1 JL-4^ * t^ 1 /^**< I 1 ^ ^\y^'t A P 2 V. 



j^3 4 t^ril^ tiJJi J=_*i3JJ ^-4-*-« 4j^.&i! <Jl!^L*^J 2 JlC -i^^J 4jLv I§_ 



4Laj^^ 



iluBJA_^ 



l^dltu iUia^ », 












ilai^Jlj Jj^ia li-LLJI jl (_yJLj V JjjiaJI lLJkJLs .AjLtiJI tiJ>L^Vl x^lj-a jl JI^Lsl JlcJ V Jilj 4_iJt-LiJjjj 



>ff 



^f O 

-v/^V-^ 1 



>u 



J 



Liiji^ 




^ji^ 




4_Sjij_Laj 4_aj_<jij-a (jj_^ij Jaj l^-»JI ^Ji_<i .4 i7 1" V 1, 1 3j_il jjl f.\j-s^\ (j\^ i^y^-us^jl\ ? r _ i - (^ ^gItJ i-Laj l^'^JI aJlJcIujij 
lia-kJIj Jj^ia i-jLLuJI (jl (_y-Ju V (Jj^LaJI lLJkJLs .4_JLaA!I tiJ>l_^Vl x^lj-a jl Jl_^l (JlcJ V Jilj 4_piijji2jj 

.j_u^ii£ tiJLLjiJI (jl (jylAJ '^ (JjjlaJI 
.2 JlvIj fij^l^ ^Lfti (_yji j^ljjJI olXJt (jl JlSlILj) (jri^^^' O-^ *-C7-^ -J^'j^' ^'^ (^1 J-^' tliJi ^LiajV 

?.j_»Jl! 4_li^j^ Lijl^ \ 4 U^^tl ^vlitA^ .(J-u^jlJI lisLfiJ (jyic LlliiaLv lil Lc^^ o-^ . U U ■^ 1 1 1§_ ^ljj>.^l (_>-up^ 

(JljLajLSil (Jl 4JL»^j^ Lftjl J Ct^ ^ 4 t^(?;tl Lai . ^ a 4_ajLSil (j-a 4.^ (J 1 tiiJ Jl^j j 4j JljiIJI jju-is-a (j^ cjJvjJLI 
Ta J Ya cllLajLSil J 4jJlJl1!I 3 JlJvj (j^ 4_l!L<jJI 4.^^I (j^ (J-i^J^ Y 4 t-iriltl .Ya J ^j* J V 






1 i N— 

L^jj^l (j-a 4J^ lLLlJcII I§_ jc-Jsjj V (_yji3j^l J AjJljlIII jjL«^a-<3 jLa IC AjLal*^"!,! j^ljjJI ^lj_<iiJ A_LxxLiILi 

j_l1»j L^JI ;_$? LjjLij.^^ fiJijUta j-ilftj l^jlf (jTu-LtJ (_yJI 4jf?j(?-»JI (__)Ioj^lj .(__)Ioj^l (jj3 fiJ^^La j_y^j| 4 ol^ 
.L^j J-«^j-a «i(_;^ 1^1 (>*-^ (j ^ <^ J '^ til! jjj .j-ij^ L^i^-^ C7^W>4= -^-^ -^-^ 

^j^l (Jl ^Li^j^ jj '^— J ^J^\-iJ.^^=3^\ (_)iu_flJI I§_ 4_i!Li!l 4._»LliJI jf o_liij>-V ji^ jj ^^" Jl^^ tiUi c-^-j-i-aj 




: Ljji ^c-tis j-a 



/J" ^ i 






= j-«J J^' (Jr^^ ^=^^3^ Li^J (j^lj 






^ 






/777V 



(_jJLc ^_gjJ!b»o (_$JlJi (_j_iJ_«JLI ^jju-t^u 4_L3^j-<3 ^jj_^xj fij^ljiJI ^ 4_La.SjJI ^J-ii (jl (_yj_»j j_ajJ I IjLji 

(_yjjLjLll ^«_l-tL>JI (jj_:=lJ JlS tilljjj 4 jfljfl-»JI (_P3J^Ll yijUS^ 03^~^2 ^ ^ (jj^> Mr^tl \ jjt (j I llisjvV (j-^xjj 

(_yJI 4_jjLj.^j=lJI aj^-^-^l ajLu-rJI AjjLLaj (^^JlJu ^Liuii ( 4_i2ji>JI (jlaj^L ^LJjL^ La lit *.Lj.4^xJL l-j^^:a:-iiu.a 

jl LJjLjvy ijL_tJL! (_yJjLjtII ^■■i.L-->JI ijl 4_i_u.l1!L Jl.^^1 LLcuI jJ ,_5i .DC eJj^ 12 Jl.^^>o 3jL-..iJI J^I Jlj 
^ j''j?;"^^'y' j^'i-J^ 4_^_txLl!L (_;,_ii3jVl J-iUj fijL_tJL! (_yJjL^I ^....L^Jl-a ^DC c-Jj^ 12 ;^jL...jj ' ^-^tl 

3jL)_<jiJl! (_yJjLJLll j<s_txL>JI j^ 4 j^j^-kJI ^j^Lj J-Li^j1!I (j^JU V ^JJu:>J^\ klL>J\ aJJt I§_ i ajLmJL 3 J_^jil 

0_!)^~^2 -^^ tiiiJ^ij ■^J'^j" m^^LJI ajLu-rJI <Jl!^>La:JU (__)l3J^I (j^ 4jj)jjL^ ajLu-rJI (jl l^^^^p- (__)l3J^L Jj^ J-fl J_l£. 






AJ_Sj 4_JjLj j_^.^3 4_iL2l^ 3j_fl^3 AjjLLa-lJIj 4_<3jLiA^3 (_yjj<LrtjJI l-jLLl-rjJ I ^J^Jj=Lj£ ( (_yjLjJ.^.^3 J'-P '^i^ LS>-'-'^ 

.tiiLjii! jL>-'^l L^jJ^I (Jl (_yjLj.4:=JI jLlIJI l5j-^ ct-^ -'^ (_;,-<j<L»l1!I <-f.Lli.rJI 4_<3jLS.<w 
.jl^jj-j jL_l1!I 3jL.<i jLa Jt4:><il t3j^ *-^Lji3^ LLcS I -^l'^^ 4JL <jj.j*l1!L ^ ATI aLc I§_ ' ^ .':."^^l ^JLc I jui ajfj 
Jl^^I ijj-2j jL_l1!I 3ji_<i (JV W-!>^ Li_<j<l-(3 tiJLiji ^jLa lil .(J2j jLlI!' ejui ^jLa 4_ajLSil cii.il jijl I ol^ 4Jlj 

1^ rifLi 3jljvjj 4_j^Lj.4^xJI fij^jljJI 4- jLA" (3^-J^ (-■-i-.-ijj lUt 1^ ji 4_j^L j.4=3 4jL2lji ijl (_yji : JL^I^ji^ 

jLjiiij jl.^^1 t3j-2 4- f«-^=^^=tiJ' 4- (=> j^'i-'-'-i^j 4_fl^jLii.i '"'I '.jj^"'^>tyi 4 ^^j^ (i-rH^^ (3^L-^ L$' C3-* •Vj'^' 

4_<5jLSil (JjjLSjj ( Iv j-ajJLj j—a^p^ 4_jJ_j^jIi^xJVI j-jIjJlJI 4- 4_<5jLSil J^ r'if Lai ( .ajVI 1^ '"Lj^ 3Jl^vjj 
.R 4_ajLL<jL! jf V Jt^^ii! jf I jLllU 4 > J I U 1 1 4_<ij2JI 4.2jjl^ 4- (*i^ U^JL^ aji' 

x*^ — ^ V 

V=IXR ^ 




(j^ 4 Murtl 4 jlor (_y-*-i lU nfjJI 4- cr-^^' lU ->»JI i-iLt-i-i^Li << t^r J*^ r"itl (j-a 4_jj; 1 1^ 1,1 4 ajf>tl Jl^jJu^cJ 

.V=IR ^LlJI J-^IaJJ tlLua^L 4la£ V Jt4^l o-"^ ^-^j' '^! 
.1 =V/R ^LUI j-^I^J^ .i.Lt.L.^L) «Lki: I jLjiJI (j-uLjS CjJijI lil 






.R=V/I ^LUI j^t;sjj^ tlLu^L «Lki: R 4-ajLHI (j^LjS CjJjI I jl 

i 



^ vWV 



<_j 4 t^tiitl jlj£.j oJj^ 5 ;_gjLLxij I 4 t-i(?'< jlj^. Jl.^^1 jLaLTi-i-r^a 4_jjLj.^^xJI fij^l JlJI ^jui (Jl (jijjJiiJ ^ tjliio 

SjLuJI 3 J_ii ijyJt La2 -(ajl 500 4 -^j^' ;j-LlLa.SjJI (j^ 4_<3jLS-a ^J'^J:^ '^^-~^ .jJi-us i^^Vjui^ 

cA^ 5 = ♦ — 5 = Jt4:>JI t3>3 

(^jl_^^l 4l3j_iif ^J\ jJiiilL 4_<3jLsil ^-*jS '-^j-*^ u^ ^'^— ^j «ijf (j-cLJj V) ajf 500 = 4_ajLsil 

^ji 500 X jLjUi =0]^^ 5 
j^iO.Ol =500/5 =jLlUI IM 

.<_j 4 U ^ ; 1 1 Jl^jv (J^ Cr^'^ '^ 4 U ^ ; 1 1 > ^-v ^1 ii«j:v <_J 4_La.SjJI (_j!i I 4 U ^ ; 1 1 ^^^ jL*^' L^J-^ t-^j^ji 7<-_L?e-i^a 

j_Lj_<3? 0.02 4jJl^ b'-P •^'-iJ-^3 ^^^ 4 = <_j 4 U:;:1l jlIcj cJ_^9 = f 4U:;:1I jj^. s^:>^\ jL^ lil *• JIJjji 

V 7'^^'^^ i 

eJj^ 5 = 4- 9 = jl^^I ^j.^ :^U)?( 

^jLslI X j^t^i 0.02 = oJ^^ 5 iil 
^ji 250 =0.02 / 5 = ^jUJll 












ajJl^I lLUjl-^jj jl—pJIj Jl.^j>JIj 4_^jLSJll <_ll_ljU>J 4_<3J^JI ajl ;j-ulj_SJ I l-^J ■ ■■ ' Lsjvj.^ ' ^ ^ J ' «J-Jl jJl iJjuk 



J#*n = ^ 



i^jljLJt = ^ 




•CT-^i Ji-*J ^J^ Ct^ fijjl jJI ^j-ii L$>^^ 



jl^\ s ;^ 



JJJiil ^ J 



^c-tisj-a j^ 1 0^ l^i>>tj> ^ia^jJLI (JlsLaill til! Jl^jj <Jl! Lili=JL I j (JlsLajLill A^uu^^seja <_jLlxl>- LjJL:=l^Li 

: LLa 






1- +1-. 
Iff \f 



= idjjiiji *^'^'*' -^ 



(_g3ljilL iLjjjJ.1 oUjUIl 


















Tt^^^IF 



<_yilji]b iLsjjjJll oU'i^U 



t3 5 \j 



, ' , = ^^1^» '^l 



ti3 ^i) 



(_5jljl!L iLs^jII oUilt 
















Ajl 13 = Ya 4_jjLiiJI 4_^jLSJll 4_nj^j ajl 9.5 ~ ^ (* (jj^J^' 4_^jLSJll '*— *J^ .^^gjl^jUJu (j'^Hla^j-a ^jiILojLS-a LJjJi-! 
iIa.J>«j I -^^^j; (J-i^^J j<sJ5 J— i-uj^l iIa.J»JI (j,-lc 13 j (j_<w^l iia_>JI (j,-lc 9.5 JljJl^ j_<i 4JLc£. 1— LlIc La (J-=3 

jkji 5.5 = IIL^I ijjui 4.(_yjij U.u2j>J.I 

4_Ls_^jJLI <Jl)LiiJll tiJJJL.^ J (_yJljlJLj 4_L3_^jJll (— il i^'^^-m 4| ir^-ie^ ^Lj>oV L^I JiielLjil (j^ <^j 4.2jjJ^I (jaiiiJ 






^^Jl-<3 J— *^J V-?^ ( t^-^ -5 O^^-^ ) <J_9-^*^' 2^->^ -3 jJlj^I (j-a r-jL>JI j_l!lLII Jl.^^1 (J^LjS JlJ^. . \ 

. AC ~V 250 jj^ ^jdl j-xi^ AC- V 220 / 1 10 jju^\ 

AC V ^ J:ijJ^I J-«^i t^-^ <^^1^tVl ij^l jJL J_^l ^j^irt^ JJ^ Lai c n OhlTl ^ 















^^y.UJl^,!IJ^,';, 


j.a^ijUUij^xA 




A A 








V V 





:^l:i]| JjJl^I :§_^Ul2 La ^>^titii] 



: Jl jrLoJ LJlj;-^tV! ^tjjJI 


: 1 (lUtt (jij-ilt 4_i jilll jJuuaji 


, i^a_A5t-L^ V i^^ ( ( n A 1 1 /J "^w- 


^j-A Ji^j^ Jl4j>^ 127cJ3^ 


jljvIj ^UoI 4- '^^ jLp 


^.ipjs jLp 



o;gU lu jr.o c^j^ i^ jji (Power Supply) ^jJLiUi jju.^ jj^ ^L u^ s i ji JaaJI u 

ii.j^ (J .^ 17 •Via Jt^Jv (Jl x-i2JjJll Jt4:><JI (J>^ (Jj-^' I Jl&J (J_j^»J,L (_y^i-u±i L<5 AjJlJlIJI jjL«^a-a I§_ J^JJ l-Li.r:L>. 












Transformers uV^I 






Primary 
Secondary 



I JljJljsJI (jjre_i.rj.a (j_^ » '> • ^j J_^j 4_!jjjL^ ^.jjtjjjv Ttjlj-ilu (j^ (Jj.>JLl (-_JL2 * '• < ^j Jl£j '" „''J?^"''^~' lJ'^?^ 













^^lui\ ^rtU U-j-i ^Ut;,„ tiUjJj L^Lui :§^ (Mutual Inductance) ^^LUi ^^i ^.h^Ukj ^ ^ , „j 




(Mutual ln(ductance)tj^iLDit^i 

>.L_>j|j .jLjiii I jui ^Uoi (3^ jiajji (_>iaju jLi!i 4-jt;-*^' 4-<3jLl<w aj2j fiijii _3^ (inductor) ( h\i\ 

.<U2 i^jLxJI jLjlII 4-jth^ L$' fi^-^ ^ -J^4>- -^'~?^i ct^ ' ^''' «jJi^ 4JL lJlUJl! (_pl JJI 

I jLa ■( f? Ill I jui (J^^ ^_^i.rj-tIal-LLa (JL*-a g-" Mr If sLJLa ( frill I|_ (AU) ^.ip-a jLp j_<w LaJtlc 4JI L«.=i 

.cJiill J^jv ^^Ui-lII Cell jLj1!I (Jl lilj ( ^111 ijy>^ ^j.L.ajls[lkX\ JLj>J,I <lLxi-a <— >-^'-^j' jLpJ' t^j' 



LulII JLj>J,I I Jl& tjLa ^^^^jj; -^'A):f l^j^l (_j-i-i.L^tIalim JLj>J,I I Jl& JS-Ij jj>-T LaLa «_tiaj LaJtlc 

(Mutual Inductance) ^^LUi ^^L> ^ .^ , „" <,l^uji ^jl^j ^liJi cjiiii :§^ ijLp jJ^j l^^^ 

4- (jr-'-u^^Llill JL>J,I jLa (_yJLi!Lj .4_jJLi!l 4- «j-« 60 ji 50 J-Sjj j-i3jj 4_JL2 i-LLa 4- j-*f La JlIc jLjlII 

.j-JLLa ^_^i.rj-tIal-LLa (JLj*^ lil ^^ ^.uLitJI 4- *J-^ 60 jl 50 (_ya.AJjj ^Ijlj-ix^ cJiill 




I JLji o-^iij 0-*f^' lJiJlII 4- Lj-^-L^IallLa VL*^ ^Il»_txL2 j-txu V I cJiill 4- (DC) Lulii IjLp Ljj^y 
(-kill 4- 'J^^^ L^^ "-^^ tl>^ 5^ 0-' <-^ JJj .C^lii jLjJ (j^ ^LJ 4J^ j_iJLLa j_i£ (Culii JLjta ^_^i.rj-LL3 LulII JL>J,I 

.<>^Vl 



« 












U^=j .(><uVi lJiHI i^ jLp (jLj-^ '4^ '.j< .M-M u^ (induced voltage) ^i^i,,,!,! j^^^l ^ ^ , „j jl^^v 

(JjLj>0 li^_L>«J 4_SjJ_Laj (JJ_^XJ L^J_<J1 jLuJI I jLji ^Lj>ijI (jLs tiJJ jjj J-UJU ;_gl (ajL2j lJiHI (jLa LajLj) Uj-^si 



mm. 



wm [WW 



^&r 






cJiiillS-jLa]! ^1^ 



5 jLuJI lJi^^Iu ^jI Jlju ,_£^^I fij_<5 T-LLail LLSJLcI LJJI jJ Cj. 



I JU j^lj 



.(Mutual Inductance) ^^LUi ti^^L 

cJiLa jl (Ml, If 4- L^jl-<-aJI jLjlII o-^ixJ (_pJI 4_j^L!j.4i=LJI 4_u^UJI 4JL (_yJjiLilII tl.j>JI i-^jJu (jl o-^i^ ^i 



'd>^J^ 



cJila al tilLj) I^ )Lu ^L;»ol / 



.4JL<U1 4- Ji^' L feLl c JlaIaj (_5aJI (_yJi ija^UJI ^ juij 












:^LlJI ^^jJI ^Ij^Vl (> J_^l jj^"j 

(Jj.^1 (Ji-jLfl (Jiu^j 'c? '"jV^^ < ^lU .V 
(j_j^»<ii ^j-^==-o (J^i^j t^^^^^iitii ( h\i\ y 

.Ln-^ju^jLi fjLuxjayu '^j l_JlSJI (_yic lyL^j^La iyi^—-}\ m ^j^ 'jW^ l^^j^'j o-^j-" u'-^'j 






lJlUI 


<r- 


^ 

M 


\ 






^3^l!ill 


--■^'^ 






^--'i^- - 








^ 






■ 


1 


^ 










i— ^ 


^ 


&^ 


;^;^ (c^-p^i) 















.Ij.Jl1<5 Lu-cL^LlLa VUta (^5-<i-o ^.j^ljiIbVI CjLiUI 4- -^-^J^' jLj^' J3J-^ -^ 

.(_yu.u^l_Lm JL>J,I ^Uolj fijui 4-jtH^' 

J_a^HJ (J-J^JJ LsJlIc CjLiUI ^JLji ^3-0 jLl1!I J^JiJ C-tJ-cxu Aj^JLl!! diLaUl 4- jJ>iil il-^rtlxxJll Jl4:>JI .t 




jLlIJI J^Jl^ UjlIa^ ^(DC) ^liai cjIjLlIJI ^^j (AC) -o>^l cjIjLjUI j-<3 ck2i J_^l J^^ 

.«Lt2 i^j.jLMJ jLp tiJJi (J.C jjjiuj ;_gjjLiiJI cJlill cllLaJ )«_Li2j j-Jui, I 

'^ Jj^l (>a (jjj^L^I jLjlIlj -H^^ ^Jt^»j ^tJ^' 6-^=^i 

Jj^l (3-0 rjLkll -J^4^' (1)1-2 O-^J-" < ^^11 CjLaJ JiJlC ^3^3 ja^zjf (^^JlHI lJlUI CjUJ JiJlC (jl-=i lil-2 

^JLkJI ^jui 4- -J^'-JJ' j'-^^' (j^ jJu^f jj^^j ?:jL>JI jL^^' Lo-Lu i Ji-ljJI Jl^^I (j-aj_L^f jj^^j l^j-iji 






i-£>j-uj Jj.^1 (j-<3 ?:jL>JI -J^4^' tjLa (jaijjjJI lJlUI (JliLaJ JiJlC (j-a Jlf ;_$_^Li!l lJlUI (JliLaJ JJlC (jL^ lil Lat 

J.^^1 (jiiiLkl J_^^l 

S i^^JLi!! «LaJL<3 CjLI! JJlc ijJt Ui 4jJ T ^ ♦ (_yji o-cLAJjJI «LaJL<3 CjLaJ JJlc cJj^ 12 - 220 J^j^ta 

: jl (_^ju til! Jl2 oJj^ 12 - 220 Jj^l (jl J>2J LaJiic 

.Ji^jJI jl4>. = cJj^ 220 = o^j^^ -J^4^' 
.r>iJI Jt^s- = oJji 12 = i^^Lill Jt4:>JI 






r\- 






Transformers Types (jV^i^i^jI 

<_ijJil <Jlil j 4_i!ljj 4_jjljji (-rJJ-l^ <— ''^ i^J-^b ^^^■=*' ^3^ <— ''-^ cliV^j:*^ tiJUji •' -t^M f-^ t±..-L>. jjju • 












■ J*^ Mill I§_ JC-tijII 



J LiTu-u e^ JlJIj fijJL^I '4r Jt^^' J-lISTl! 4jj)Jjt-<s Tc^lj. 











Core Type 

'^j^ 1-.^ ( shell type core ) 'uLl jii^uj <jLlJI 43^u^=j u^^^ jii^Vi _^ ^liJi ^^i .y 













Shell Type Core 



L_JS (jyic l^l'^ J-*^ Cr'-^'j L$_^^ lJiJLo (j-a jii^al jl (_yjl Jilbl lJlLs (j^ jii^sl (jyic (J_j.>J,l ;_gjIb»o i^ 



:ua^> 



^j_^ fij-cILijJLI Jj_^.:>JI (jLSIul (JJ^ (Jj.^>iJJ ,_£^^l (_y 1 4JLvj.^ (J^ (J ri" I" (jl 1 1^ r cfjUll ^.i^Hjl fijLiV T z -tj-u a l ^-^ 
Lt-j-i-rxj 4_Ll1^ L^LaJ ^Jl^ ^«_a=^»<JI 3j-L<-i^ d^'^jseja (j_c «jLlC iU r cfjUll ^.i^l d^'^^seja^ i fijjL>J,l (Jl ^JLvj-o 



^^^--^ 












Jll Jj2rel! 4«i«i,r-itl 4j^UJI (j^mi JiJvl iki C7^'_^' (-.-ISJI Jkliaj f-jjJI I jui 4- r> ^J^'i-'-'-^j LxJij (aJ^ 



ZIE 

Transformer 
Air Core 
Tapped 
Primary 

Transformer 

Iron Core 

Tapped 

Primary 







Transformer 

Air Core 

Tapped 

Secondary 






t^b CT^'_^ J_F^ 



Transformer 
Air Core Step- 
Up 



j^b l5-^-^^ J.i^^ 



3IZ 3IZ 



Transformer 

Iron Core 

Tapped 

Secondary 



Transformer 
Iron Core 
Step-Up 






Transformer 

Air Core 

Step-Down 



L^-iLc- Cy^'>* J>=^ 

Transformer 
Air Core 
Normal 






Transformer Transformer 
Iron Core Iron Core 

Step-Down Normal 












j^L^I (^g^^litJI Jt4^l (Jjj^ s-'^?^ 



Jji^jJ 4_iiLi=3 La? (DC) exjlij Ji4>. (J 1 J_J^I (>a jJil 



. DC(o.liJl)^ 



I ^4^1(3^1 



> aTn-u jL4:>tJl 



jl {^y (-^Ij— Lai ^— t^j jl-Lc (iU L2 ) j=>j^l ^— *^j c?-^ j-^-j-^^^ j^ <S'^ f^^^^" '"W "^ ^ _ 

Lol J .r-i^ ( Short ) «U (_yjljL:uVI < ^ 111 jl (_yJLc Jjj I Jl^S jJ^-^jJI (^^jUxj U[jl (_,t->r 1 lit ^jJt-a ^a-jS Cjli 
(_>.a_st^^ ^.SjjiaJI (j-'iAijj (Open ) J-x-tlS «L_>(_yiljL:uVI lJiHI (jl (_^ JJlj IJL^ j_.ijll tlJj-rtl: ^ lil 
















Jl4^I jJuu 



(jUxO^^^I ) (__)i3lj^^l ^ JlJlIo (j^LjS jL^JV .1 

Test Board c_jjL>:i<^y .y 

250 AC ~ V (_yk. jL^I ^JjJi3 j_ii3j JJr. jJu^l Jt4>- 3«ilj^j 




».lj-aJI (J- LT e-i- u jj ju ^ 1.^1 ,1 Jl^jv j-L LtT Li dJLlJj dryj-^ (l)d>-^^ (J-^-*:' c^ -^ 



i^lj^l 


AC ~ VjjLx^i j^ 




















1 10/220 AC ~ V jL^^fo (J-4^ -^-^j^ -J^^^- (j^r^-^ J.i^6^ • ^ 

.(j-LflJlLxjo ^j-u jJL) j_Li2j I flj-tijLa (JjjLa^ <jJ^L<j<l .T 



j-ife I 0^ Jj^aLAJ! ^IJlUjVI ( h 111 (-^Ij-Ll (_yJLg. 220j 110 AC ~ V .> ^> jJ^u^LA f^usjli ^ .Y 

.220 J? 1 10 AC ~ V ji-Vl L^ji:Jlj (^ji) ^>^Vl L^jI:Jl J^.'i.iL ^ij 



^^^^L 



jL^I L^\jL] 













AC ^^j^ (j^^-^ 



<MI,„1I jjl 


^>Jla^ 


j^jji j^ 


( r.^J,„l ).MI,„!I jjt 


AC ~ V 


AC~V 110 


( oj^l ) .lii^l <jy 


AC ~ V 


( r.^J,„l )<MI,„tl jjt 


AC ~ V 


AC ~ V 220 


( r.^J,„l ).MI,„tl jjt 


AC ~ V 



^Lull JjJb- 






DC >4L4I Jl^^l jitU^ JLIa U^I-P! M^^V^ ^%iJI uUaU^I 

(^jjJlI!!) (jl Uilil t^JL-a J-»i3J S-'^?^ ( f^J i^ O^^^ ) AjJlJlIJI fij^ljl r>:>- jt jJl«^I (j-a 4_tJ^"^JVl 
j_*ial2 9 DC V ' ^-^^1 jl ^^ I jl Mii-a ( (j.oLi2JI jl ^y J^^ '^ (jy-^ l^fifLjl -^'j-^' 4_<ij2JI j-a cr^^ 

.lODCV jj^^jdi 

(JjjL-cIIJI L^ JlJvjj Vj (JjjLlSJI jL^^ t-^lj^ial 4_<3^Lij< (j.a Cr''-'^ j-cILijl/3 '^"^ (JjjLjS J_Lc Jl=iLIiJI 4-1.^ • V 

tiJJLxJIj L_JLijiJljji Jij.ij<^l tilLxJI) (jjjLi2JI jl-4^ L^lj^la^ ^LHJVI t_xj>o j.<Ci-<-ij.a Jl^ (J-"Lj^ J^-i^ -^ 

.( V^jil >& J-4JvVl 












Batteries( Dry Cells) :2l^I *Jlub)l ^11 

L^lrt^ 3jLi1 (>^xAil (><3 4^12 AjjSliJI LMiti! 4_u^L> Ui L^LU LJilj-Llr-J Jl»j ^^J3 IJuJjVILj^lulJ/^ 

(_;^j ^JljvIj 4_i_i^L>. I^ dJp-iiuJ 1 ^ol^t a I§_ L^ii=xJj 1^ l<T>> (j ^—} «,j\ V 4 Ijti" ^j^lj ?.IjJlJI (_)^j_£ ^<s_a=^»o 



jj\j_Li2JI (j^J tiJL ijJI (j-a I* ^ ' ^Jl3 4_LlJe-U ^ ilj U , ..Vl ^LcjJI (_p.4J (_JLj< j^I^ (_ila£j 4_iJ 



ij< a ^_ x_Li5 aj a 



^j_^ (j_^xJj (j-ciiJI 4 . ^ j-^ jj (J_«.;>JI 4 I /j , „ L_^I 4_Jl>JI <-£.Uj Ljlj-a (j^j 4_Jl>JI (Ji-I^ (_ijvjJLI (_i±i2Jlj (_JLijiJI 
.(JJljlLjijj (J-<i-*-!I ct^ 'J-^'^ J-'^ 'SA^'^' •»■ • ' ^" J ( '"' „''Ji^"'^~' ^"^^ J'-P (3^^ ' ^ '^jj L*^ 





P^l 




R 



:4j9Ji»o {_$jj| Jl4^I ^a^jSj (^J^l ) A^UJI CjLjLLajJI j^n<\ JL^ul^I 













4_jjLj.^^iJI fij^l jJI I§_ jLjlII (jLjj_<ji ^L>ol ^-iJajj (J^iAJI 



+ 


— 


+ 




— 


eJj^ 1.5 A^jLL^ 


cJj^ 3 AjjLiaj 


1.5V Battery 


3V Battery 


Bat 


Bat 






.( <JjVl ) ^.aUJI L>UJI L^>Uo JUaI^VI juu ^y^^Ail "oUV 



qi£\l«^\ Ofi o^iul^ aa\j»^| \-us^\ ^^ (ua d^od^ 





a^ijf^y iiM\> ^jj ^\flpi\ ti^^ as 4V^\ l!^ 















Hlri 



Hi^ 






1 

J 






XXI 



IJVf 



I§_ 4_jjLj.4^xJI fij^jljJI ^liyi^L.i^\ ^^Jl-o j_<i 4_jjLLlaJI I§_j_u-<3^I ^^l-ujua^ .fij^jljjl I§_ jLjlII ^JlJ TclcJ (_yJI 
4_jIUjjajl ?iij (_ysjJu Cj*^Ljlus^Ijj\ aJJt aJlJcHijij (_yjljlljl (J- Li ^ a jj 



i< jl (JJl»-<3 fi-il-JJ L>^J^ (— l^-Li^a^^l ^Jui AjLJeTn-rij i^j\^j]\ jjjj^ajj 















.^j^Lu al jLielLjfL ^JlaL^xJI <^J-ll (Jill Jlvj^ .Y 



h^J^ifli ^k^hlli L 



^JLJi ^^ihlli^ 




(*-^ (j-aj (3-1lL<3 7-LLL<3 4_jLiL<w (jj; ^j 4_JL2 J*^ r'iitl I§_ 1 o^ J-*^ J-« (_yiljIiJI cr^ Ct^^-^' (J-*^J '-^[^ 

(_PjL<il (_ji=Lji til! Jl.=jj ^-^j^ < 'n i.^\ Jljvj^ 'j-^'-^ ?=— ^_9:f (_ji=LjiiJlj (_j_lxl:=l»JI jLl>jVI ^L>oI I§_ q^'--^^ 

Diode 




* Oi iAi lAl^'* 



Resistor 



-LJ L 



3r ;J J i^,i;3f 












Half Wave Rectifierlib'>«LAdJJb'>«3jjli 

.4jLaL=3 ^J-a Jj>-jJi fij^l-i (.yic. J if^-»o LiJLa (_|:=lAJL OcjJsjil 4_iiLii=xJL (j^Lo llLuaj lil 



Mj^ jU J^^^ ■* 



C/*>ii-*> . 




^jll cJi-t-iiJ j_j>-<w ^s-*-"-^ ' Li/aLai M-i-i^jj >Lj^j-<3 (^>L«JI (_7jUiJI (jj;^j : "Jb-^tl <>« '^3^^ LAiAJJI f LujI 

. Luji^J-C ^1-Ll^ajJ ^L»<aj^ (_yLLlJlJI (_yjl_uJI ;JJ^-— ■_' tliJi J_Lc J ( (J.<iJ>J I 4_<3jLS-<3 (_j!l (-.LVjJLl 

^jll lJi_<^ J,!^-*:' ?=-«-'-^ ' Lj-aLal >Li-i^jj >L^j-a ^LLuJI (_7jLZiJI jj'^^j : 'Jb'^tl <>« uIaJI L^^dUl f Lujl 

0_!)^~^2 "-^^ jLicj(L_xJVjJLI ( ^ l^'lW [^ j^ (_^JI ^L>oVI (jaliiJ I^J 4_iiLli=JI (jali-b J-oJI 4_<5jLLa ij\ L-xJLlxJI 
V 4_jJlZL<3 4_L>.J^ <Jl!L>.J^ ' "^l .^ >T (J_c.;>JI 4_<3jLL<3 ^ j_*J tiJL!jl_JJ „ ' '■^~'^ ^1-Ll^a^ ^L»<aj-<3 ;_gjjL»JI (_yjl_uJI 



: 3jlil^ JSLw 49k uLdUlij l^jl fkldJBlwb 'iUiS ^^>« i^>« /LiILj 

(j-a V JlJ (j^J-^ ji (Jj-'^^ AjLJeTn-rjji^ i fij_Lil2 J*^— ■ "■ (jyic (JllLjjLij "^^j'^ AjLJeTn-rjj (Jill JlvjJLI (J^ pj-'-'' I Jui ^ 













.D2 ^Lzai j>u ^>i 3j-. ^y I j.^^1 

L)4 Uz (jLjjLjiiJIj Ijrri'^r. ^jj^jj ij\ljus^ LJj LJL ^jLjjLjiL!! ij_<)^~-^2 '^^3^^ Cy^ t_JL«J( < ^ t^'tW ^.IJjI 



.D4 ^LzJl JM^ ^>i 3j-. ^1 Jl J.^^1 



Rectifier Bridge 




.jjjj <— iLaLq-i^ aljiielLjiL l_JLj< (jjp'^j jj>>'^Ij l_xJvj^ (jj;^j (Jj^' JjA)^ ^^^^^ (_yU*j I jui AjJlJlI!! jjL«^a-a 
















^ J_*J 4_]L<3L^xJI 4^jJLI Jl_P-JJ j^Ij^ jI 4^j^ ' ^ '^ ' JlJJ>-^ j^ljj *-lj-<-u 4_2jLijJI J-p-^jUjl j^lj^ ^ 

JljV til! jjj ij-clu-u-a jLp <jLiL<w (jj;^" (jl 7r\(^" V ^-JLlZLaj ijjLarLlLa 4_l>.j^ cliLvj-a l^L^I J-oJI 4_<3jLL<5 




e^ 


^ 


+ 




bMA , 


T^EJ^'-^ 


VVV ; 







ji^jiiii jLiJi Ji-jus 









t<UajUiJ(^jUUjSjib 












. ji_j4^l (_hLSj CT^'iiJI CT^^ ^Ljv ^Ljli^ oMii J:H^>i / u^liail 

.1.5 DC V L^ ij^iyi Js^ 4^Lv c^LjU^ oMis (^ 

.( ^aUJ ) jjjLt^ (Y 

.cjLjLLiJI g;ij Jj^jni! <j^Uj tiJM^i (V 

.( jTu-^TlIj^ ) (__^\j2.'^\ JjJljlLo (j-uLj^ j^-4^ (^ 



® 



- 3 Hll|-t 



->+ 



(D 



\^ 



\^ 



vv 



-0+-^ ,_5y . 



1,!V 1,JV 1.5V 
OR 



1 



cJ^^ ^ ,0 



^ cJ^ ^ , ^ 



cJ^ ) ,0 





< 


i 












jj>4lU ^^lollj (iji^a^l Ji^i^t 

4_jjLLaJLl t_JLi.iJI x_o t_JLi.iJlj (j^J^' 4_jjLLa_LJL! (_ljvjII L^j_LaJI x_o jL^-StdJ (-.LVjII < AjUtl «_ijjj 1^ 













^^"^aiBI^^H 










"^^Bj 






(0 J^ 






f 1 


""Hi 










M 1 


;-"-- ^&:- ^H 


(1)J^^ 


(0)J^^ 


(V) J^ 






B 1 


^M 








inl 1 


^^^SI^H 






(^) J^ 






jffl 












=:._> 


;-^^ 



Vt = V3 + V2 + VI 












^L2JL j.4^1 


u^Lco^L J^^l 


DC V > ^^tl 


Culjh (....cJj^ (.)= 1 ^j AjjLL^ 


eJ^ (... 


) = 1 ^j AjjLLaj 


VKDj^ 


cJ^^ ( ) = 2 ^j AjjLL^ 


oJ^ (... 


) = 2 ^J A^U^ 


V2 (2)j.^ 


cJj^ ( ) =3 ^j AjjLL^ 


cJ^ (... 


) = 3 ^j AjjLLaj 


V3(3)j.^ 


oJ3^( ) = V3+V2 + V1 


oJ^ ( 


) = V3+V2 + V1 


(Vt) =V4 (4)j^ 


eJ^^ ( ) = V3 + V2 


eJj^ (.... 


) =V3 + V2 


V5 (5)j.^ 




2 . 5DC V t^lA jL^ I £j) Jj 5-.^ V3 ( 3 ) d^ I j-LS 













lODC Vt;kJU*Jl5J;iJ5«.>>V5 (5)d^lj-LiS 

. ji_j4>JI (j-"LjSi L^j'i^' ctJl^ ^L>- ^Lyl-^' '^^^ JrH^i^ / U^JiiaJI 
.1.5DCV L^laBjL^iyi Js^<^LvCjLjLL^o>l3 (1 

.( ^aUJ ) jjjLt^ (O 

.cjL;LLJI o;ij Jj^jni! <j^Uo tiJ^l^i ("I 



■ ( j Tu -^ T lIj^ ) (_>Ialj^^l .^jLiLLa (j-uLj^ j^-4^ (^ 













AjjLLaj (_]== I§^ lJiJCL>o jL)1!I ^j.=iJj 2jjl jJI I§_ c^lii Jt4:><JI (jj;^j ;_$jljl!l Jjj^jj I§_ /^liijv^^Lo 




eJji =V3=V2 = V1 =.^L.a^L(Vt) Jl4^I cJ^ = ^LmJL(Vt) J^^l 






.^<ui!l j-iilLa j-cIu-tL/3 Jt^jv ^t-it" AjJlJu 3Jl>-j 3j^Ij (Jjj^jj / U^M^I 

.9 DC V J ■, -,,„ <. J^^:>o ^U. AjjU^ . ^ 

( CjJj^ J L^j-aja^o ) CjJj^ 1.5 1 fl(jla ^Jl3wIj (J^j ^^^^^ 4iLv jJipjjLLaj .Y 

.( jkUJ ) jjJl*^ .T 

.ciiLjjLLajJI ij\j (Jjj^^jUJl! 4_».<j<L;»j tiJ^>L<j<i .1 

.( jTu-aTiJ^ ) (_)l3lj.A 2 1 J JulL<3 (JjjLjS j'-d^ • ^ 

.(Test Board ) jLn^i ^y .y 

.cJj^ 9 AJjLLa-LU (J-n^jj tiULuj cJj^ Y CjLjLLaj 3 Jlc12 .Y 












:^LlJI J^ .'l,!! :g- Lc^ jl^VI ^y C7^ <^m 3j^l jJI J^L^jb ^ .^ 




.(JjJu>Jl iS-LfJLoLo! 2j_&LIilJI fi^lj^l (J^*-<-U f<U (ly3J J*^ r'cltLl JC-lisjjS Jjfc La^3 ( 4_tJVJ^ A 4 t^i^itl ) 













C >J^ (12—0) ij^ ^-<hi^ L$^ (_y-lg. J '^-^'i (_j_^xJ 13 4_Liii!l jU 4_LiiiII ij^ La Jl^^I (J^LlSj <i2i .1 

( Ojj^ 7.5 Jl^^ CT^ J 'r^->0 (_yIo> J-L^TlU 4_<3jLSil I U U <-l I ) 
(_3-2j 4_jJl!l1II (J_t^J fijjj—lis (_jlt ^LlLiVI (-.i-A-ia (— Ijl ■v"tl p 1-^* ^ ^ J-ftTt-l-rj-a jLj3 AjtielLlJlJ LJjI L_*j 



jU-JI 3.1^ 


,i,\^^\ 


^3^ 


Y AjU-;. 


eJ^ 


r i_^ 


^3^ 


13^1^ 









4^l>t)l>3lji4^jLDlj*(UStJj^lJj>u)l o 






ijUU\ jmI^ Jua \4&\ju\ uel^ll :^%^l uLbLb-l 

.4_jJj^jIi;=xJVl fij^l jJI x_<3 (_yJljlJI (jyic (J^LlaJI jl-4^ ^-^3 S-'-?^ j'-i-^' 0-"'-;i^ ^^^^ • ^ 
jLl1!I (3_xi cuJ] jj ,>>'(~ V ^ '^\ Ij^-lm L^JI (j^Li2JI jl (jy L^lj-LsV ^LJuVI (-..-to jLj1!I (J^LjS JlIc .T 






(J_c£. (j,-lc jLg.Li.rjj L4JL2 3j_Lj_=3 '"'I J-:*^— ; 0-aJLieIi_<jil lil (J_:=lJj 4_l!L<j< 4_be_ju ^^seJlua I Jl>. j_jju^ lS>^'-^ 
.(JJLjLvLjIo-I 4.21=3 j_uJiJj (Jj-J-l' <j£Jijj JkJj^J ^Wj-4^^^' (Jill jjjil 

.4_L>.j^ 4_tre_iluj 4JjjaLjIu.<3 Lnjl^i ;jj^-— -"j fijJJI ilj-i ^ ^jjJ=xjj ^jjjj)j_i ~ ^ 

.4j.jL»ILa 4_be_ju 4J_jre.iiL/3 L<ijl.i ^jjp'^'j ljixl\ fil_^ I§_ (j_ji=Ljj (j^j^pjiJI ~ Y 

.4_JLji 4_tre_iluj 4Jj.»LjIu.<3 L<ijl.i ;jj^-— '"j iljjjl (J_^ JJ^ 4_iaJCit<3 CjljLtxi-a ^ ;jj^-— -"j ^j^j^IL:=xJVI ~ T 

filjjJI (J_^ JJ^ (jj^"^!Vlj «J Jl!I i^J I§^ ^jljj^^j L<ijl.i (j^j^pjiJIj ^jjj^j^l (jU t-^j-«J LlA (j-aj 

I§_ JlvIj ^JJJJ)j_1 N""' J -^^«tl C-^ .ijL^ (_pJI (_yji filjiJI I§_ ^J_JJ_J^I .JJlCJ i^jJl!! ilajljJI (jj-^i-al 4 Uilj^i 

L_JI — ul ^J^" ^^-jyij L_x_>-J.a (JJ_J_J^I t^l—Jj^*^!! (j. >- r~lt l ^ <1 r ri" (j^lj.^ I— «^ (jj^p_:=xj V I J (JJ_JJ^I 

^j\£.j_j tiJUji 4laLi.rj.u (jJ=xJj 4.=3j.^l (_yajl if^-^> (jyic JlaIaj dilJj^jJlisJVI 4.=3j.^ ijj-^ '^^^^ tiJLiji 

i^) (JLHI (J-L.l-i.u (jjJLc 4jjJLjil fiJ_iJI (jjJLc j<S_»i^l jl 4jvLl.rj.lL JJ . ^"j jj^^ll I§_ 4_Li.uL.ul ^-^tJ-* (JJ-* "(J-^^' 

4_!lLi1 <_j Jl^>o 3.iLa (j_a 3 Jl^>-Ij 4_!lLl1! <-J Jl^ 4_1Ll1<3 (_;^ 4_jjiL>JI 3j_l!l 4 ?U;a jf 4_i_i.rj-tIaLiLll 4_uiL>JI 






3j.^ 4_LijljIL<3 Cj LJ^^Il:=xJ V I ^jj_:=lj 4_jjL»JI 4_!L>JI ^ ^''^ > ^^'^j "'^ jLcu-a ^ 3lj_(JI (Jj-^>- JJ^ <Ji!LJ_j^Il^xJl 
ci!LJj^jIli=xJVl (jLa ;_gjlj_^l jl (_yjLjj.4^xJI j_uLl!l (J-ii-a (_yjvjL>- j_uLIu L&jjG Jl_Lc (j_:=Jj iS33-^ ^^^j-^ 

(J_SIlt2 ijJJI 4-J-J— ^^^ j'-J^' Cjl—Jj^P^iJl j-^'^ ^ ■:''J?;"^^'y 4_LajljJI fij^ 4- ' ^'^ '^-J^-=*4i f-jl— ■-'■l"i3 

l^LjsJI (-..-.."aAJIj lLLUILs (_yjLjj.4:=LJI jLjlII L^j ijj-uj^ V (_pJI tiJiJG u^ ^JjbtJI fiJiUll La? .(-..-AJJIj 
fi^L<w ji ilaLLaJLI ji i^lj" f cf^-JL ^JjjjL^ tiJ^>L.<j<i a jljcILlxij 4_iJj_(il (— i^^i-i^jlJI (j,-a^ .r-LvjJIj i-jLu-i-u^^LJIj 

tiilJL.^ i^jJjJiX\ JnjLsJI J^lj (1>^-J^ f«-J tiJLjIL-u^ijJI (j-a <£.jJj^a-<3 ^JjiLc (_>-ul-J? Ji-I^ «_ii3jjj JtJ-4^ Cr',^' 
.LjjLj.4^ ^jL'^ ^Ij-a (j-a ...TcJI 4_jjLj.^^xJI (JliLj^VLiJIj 4_jjLj.^j=xJI ^c-pLHI x-u^ 

LJjjv jjJ-j 4_Lre_iraJI 4_L>.j^ (JliLJjjjijj L^ljj 4- ^^_5:f 'J-^ (J^'J *— ''j-^ (J-^ lJiJLIIj 4JL£1_(JI tiJ^L<j< 2I ^jl 

4- «j-^' <Ji!LJj^pi=iJVl jLa ;-! .'j^*^— ^^ (J-^l-J <-iLLi.r.Lj 4_jjLLij 4->-^ llLi^j I jLa i 4_be_jiJI 4_l!Lj< '"''''j^"*^— ^ 

CjLJj^IL^iJVI x^JlJj 4_<.cu2J C-^jJI 4-i ^It-ijlt (-..--^.jll L^jiaJI (J 1 x^JiIi tiilLxJI iIjIjJl! 4_t>.jUJI CjIjI jJll 
L-JLcaJI i_<_LaiII ^j_<s 4_<iL>ol 4- Ly-^_iP^=^i jLllII j-o ' J*-4JJ tiJLLxJI <— iljj (Jl AjjLLlJl! l_xJLxJI l^jJ^I (j-<5 

CjJVJ^ ( + ) (JJJJ^ 













:^>Lk^VI jLlIJI 
.jLjIJI j^j-i i^\-uA\ i-kjjjLJil (jat^xAj l-JLlxJI t_<Ia2JI (Jl t_tjvjJLI ( it^riil (j-<5 jLl1!I ^L>oI ^jI (j^ic ^It^i^l 




:j.c:L..atjLUI:Vj? 

J-la 4_jJ_j^pj=JVl 3J_^^I J-J-*^ I^ j-cIL-txiil jL)l!l l^\-c ajiiej-txijj .fij-cIL-txiil cliVj-^lj cIiLjjLLlJI (j-a 

■j3j;jjo'=JI 3j.^jvlj jLaJOJIj jj^ljJI 

.j-cHcu-a (Jl ^^j^l jLj1!I flj-L < . i^ 4_j^L;.4=3 




j-LJuJI <— ilj-a JJl^ Cr^ (J-'^i 3JljvIjJI 4_jJLi!l I§_ aJljjLja^ <— ''j-« «-J^ J^-^^' ^W^' Jr^*-^ ''-^i^i • -^-^>^' J^^^' 



^ 












j_2j Jj.^^ Jl J .-J j^" J^ '/'^ r,-.t^-<>^L^ 20- 11) oJj^ 20000 Jl 11000 ^jJl^ 03^=^3 ^LU I 
,_>iaj^aio J-* eJjiJI x_ij 4- v-i-'-'-lIIj (eJ^^ j;lj^ 220) cJj^ 220000 ^y 1 Jir-i" oJj^ x^j ^.Jlaaj aj2j 



(fiji^iAj <— iLaLi-Lt 4_j^Lij.4^iJI A^LLaJI (J-<-uj3 Lojiic. l 



btUI 



.lil^L 



.tiJ^^L<ji^l (j-a 4.:>oLj fijlj-^v (_)i=Lji Ct^ j'-;}-^' 




V juaj^[j jjdjjj cJj-aJ( jjfc ^Lj-^^aJI ^(jWt (_>-uL»^ Sjl^j 

1 KV (Kilo Volt)= 1000 V 



(V) >jJL> ^ J-ajjij Volt ^Lj^^tl ^4^1 

(I) >jJL 4J >j^ Current ^Lj^^ti jLliji ijJu 
(R) >3jJL> 4J j-ajjij Resistor ^^Lj^^ti ^jLsii 

I§_ 4_<3jLSil J lr^->0 ^-i>- L_4jLJI J_LC J-<W 4_L»i3J^I 4_ljiL>JI (J-S-ij «L!jJJj (j I JJkJ I (j-<3 (jyjUl jLlI!' J3J-^ JuUl2 












(_yjl_LI jLuJI JJj— « J^ • -jj) LSJlLa ;jj^— •_' LaJ_Lc (jyjLJll jLpJ' JJIJ-^ (*J'-^ ^JJ^ J-*J Ct^^' J J w , ^ 1 1 Jl jLuJI 

.jj u if^ll (_yic (J.<v^>ii' 4 jl or ( ^ ^~*^ LvjUiLa ^jj'^j LaJilc 




L^HjbL^J L^Ajas^VJ 4_L^jJLI 3^m f-_^ (_>-l.r:LV (jyic (_yjLj.4^xJI jLl1!I i^ 4.^jLSil J . ^ ^"j tiJ^>L<j<^l J_LC 

i^lLa fij^lji ^JLkJI ^Jl^ fij^ljJI (_yA-<-uJj <JJJ-»^ ilLLa (Jl 4_jjLj.4;=lJI ilLLJI tiJJJLj J^j^cIOj LlaUI J-c^I 

.(_yjLij.4i=xJI jLlIU (jLj-<-u tiJUji J^jj V i^-^P' 













+Jp 


+ 1 j- 


^•^ 


h8^ (fi* 


cJj^ Vo AjjLLaj 


cJ^r ^L^ 




^ 


^ 


V^^ Battery 


V^ Battery 


Switch 


Lamp 


Lamp 


.Bat 


.Bat 


SW 


L 


L 












4j^i>t)i ^iji (^jiui\ J-U2 1 jy^i jj>uJi 



: J^=^^l :§_ Lc^= 4 



.1.5DCV L4l«3j^iyi J^^<^Lvc::LJL^,o^l3 .^ 

.( jkUJ ) j-jj.,--!^ .Y 

.(jiiLjjLLijJI (j\j (J-Li^a^gltlJ 4_jjjjL>j tiJ^LiJiI .T 

.( jTu-^TlIj^ ) u^\j^^\ ^ JlslLo (J-uLj^ j'-^^ • ^ 



jLliji 4-jo^ chW^ ^^^i (2.5 mA ) DC A ^^ jU^i ^j->^ ^3 ^ c^LjjLLJi ^j^I 



(1 


'■'"^ 


i 


\ :" --^.. -kI 









4PI^I(jUjL2«td)Lx)IJJ>4DI o 












t^jUII jul^ JuA L^LjI u^l>ll ^%iJI uUaL^I 















y*^ 



^L-.4jL^I Resistor 






.K j-ajJu j_aj3j UJlITl (ij^l 3juv^ 4_<3jLSJll (J^LSj J j_i_L/3 2 I jLpJI 3j_iij 
.fij-LSLjuaJI cliljl-Lli! 3j-L<-i^ ^^jj>-Ij fij_Li^xJI (JIjIjLlIJI I§_ ajLJcIujiJ ij_o^3 aL.a:j>-I (JIjI J (JliLajLLo tiJLt^a 



IQ 


lOhm 


1000 Ohms = lKOhm 


IKQ 


1000000 Ohms = lMOhm 


IMQ 



LaJLc L^jLLa ^liLa «ilj-Jlj dJi-u-i-u^l-LlI j 7:L>.jJL2 jL)l!l (j-a J-lL1!I jLj-Lxu ^-a-i-rij 4_l!L«JI 4_ajLHI 
^jLj-Lxu t^-jH-ujH (jy-^ 4 i^ii^VIa L^HajLLa (J^LslIJIj 4 i^ii^tlj cj-A JlJI J-Ii-a ^j^L«Jll La-Lu L^j^ ^^J-uJ^ V jLjIIIj 
<-f.LLi.rJI (Jl '"'J t-^'' lil til! JlJj .^r-tje-i^ (jai_:=L»Jlj 3j-L<-i^ 4ILajLLa jj*^^" Jlj^^JI Jj^jILs Lil 4 Ij/j ,.,i jLjlII 
(J-ii-a fi^^L^ ^ y>'f a (jj ^""J *'j-^?^' '^^'— *J jW^' (ji-£;— " ^ ^ -a-i- r jj (_yjjLJt-a *-j.^ i^j-^ Ljj*^ a ^J_j>ij (_j_iLjj.^J=xjI 
I ^* ^ '-^ 4_LiLi^3 (-.i—i-r^rv. (_5JLc L^ILtcjj lJj_LL>iJJ ( jLpJI L^J^ i^j—L.aj yi-2 4_jJLc L^ILajLS-a ^jj_^xj < ^Ij" i if^LjJI 

■.^^ CjLajLSil pl^JI ^Ij L^la 4_L=3jJll Jlljilj 

AlbLJI ^jLSlI .^ 

3j_l!l11I 4_ajLSil .Y 

( 4_jjjji3jj.^j=JI )4_jjjjiaJI 4_ajLSil .T 

AjjIj.^! 4_ajLHI .1 

t ( Resistor) RiaijLi)! IJUiLHtl t Vjl 

^JJi\-iJ.^J=3^\ jLjIJI j_jj_cJ I§^ L^jJl.£ (_>_i.r:LV (jyic L^l jLJeTn-ul I§_ L^sJOioj l^"--\j^ <— iLiTu (JliLajLSil aJJt j-JLtCu 
.lj-L3uu^\ CjIjLlLU cj-ikjus ^^jj>-Ij fij_i_L^xJI (JIiIjLlIJI ^ AjLJeTn-rij 2j_L±^3 aL*jvI (Jlili (JliLajLLa tiJLL^ 

USA & JAPAN 



EUROPE 



^LLJij ^;,^=j^Vi j^An 












Jumper (Zero Ohm) 


Aluminum Housed 


Low Ohm 


lav; 

Carbon Comp 


Network 




Ceramic Encased 


Power Film 


4_Lc.la 4-ajLLa 

Film 


Specialty 


4_jjLLaA 4_ajLL<3 

Foil 


Surface Mount 


Fusible 












fljlj-rtil 4_<jiLlxLV LojLLo 

Temp. Sensitive 


High Voltage 


■■ 


4*^ 

High Ohm 


Wire wound 



(Potentiometer or Variable Resistor VR):3,{dutlliujUil: LJLj 

^jl (Jj-23 LajLJ^ M^i-o-^ U-I ''-'hi^ Cr*'^^i9 j-aj^l (j^ l.^Lft-L3 ?-jljIij li^-J^v L^IuiJ^ j_uju ^^-— ■ ^ ' i/ajLS^ 

.^ix.^ i^ ^J^ IfuLfu 0^=^^ (0 - lOKQ) lOKQ ^^J^^}\ 

jl jjjljjl jL^.:>JI CJj-us ^<-2j Ji-£>-i LaJ— ulS 4_jjj_t^l fij._^jv2l <^L=3 ^ fij-ijuil 4_ajLSJll 3 JuiLiii-a ^^— ■ ^ 'j 
Jl (_jiajaic_Lj (— ij; i^^tl (jLs L&Lt^aSI 4_<3jLSil i-*jS J (r>~ \^JJlsl2 Bj-lJlLII 4_ajLSil ^-*jS IS-j-iiJ LjJLs 4 i>>i7^ 

'"'J '^^1 ^J ^J^-"^ (Jji^xaJIj 3j_ii (JSI 

aLij^L 3j_<iLl-<3 4_<5jLSil fSU-aJV (jyic L_xIli=Ll^ I ^"oj'^ '*-'j^ 4ji7J^J 

4.7 KQ ^ 4K7>ll. 
500 KQ ^ 500K 



4jl^^JI fij-iiliil 4_<3jLSil 







photosensitive resistance 'kj}^±^\ l^jUil t LilLj 

u-Lm-Lu) JiLo t^j^l Jllj-<5 jl (j_xi aAjJU t(CdSe) (-ajj^L^JI ^LCllLu) jI (CcJS) (-ajjJ)L!=xJI ^Lm.Lu) 
J zUUV J lUUV drv'— ^ T-ib-^ oJ_^ (J-cJeTu (jl ^j t^" r ri" 4_jjjji3j)j.^j=JI (JliLajLSJLI ^l^t a (jl .^jjiaJI aJiAJ 

jcUij^ 30 jrJjU^jip^j-^LuLJi ^JL^^ J;>tti 3jjl2JI (w ) (cjIjJI) tiJM^iL^i (>.^=xJj 300v 

(J-cjlLlxlJ ((JLHI (J-L.i-i.u (jj-lfti (JliLjJ^j^jIi^xJVl I^ fiJujLC '"'I ^j;^-^" ^j^j'-^j^ j*^-— ^1 LojLLci! . ilalj (_yJL<s JUL) 
j_*-iilc * J ^ ' ^" («-! 4_jj^^IL;=iJVI ajJLsJI jj_Laj ^'— ^J j < -^',»\\ I Jl-J (JLiLLijlaliJI da_ijijl ^^JljvI (_yJLl!l (Jj=j_iIuJI 

(_yJJ l^'l Jj" I cfj-lljUjl J_<i J . J^ T l-l- r iJij-l IjHj I ( _ I J^-— T^pjl li^-lJV (j_^ <Lj_lIaJ iJ^J=3-AjLjUJJ\ fi^La (J-a (_^Jji3J J.^^=l 

jLjUi 4jo^j ^fti^x^tii ^j.Mt 5_^Ucv 3jU jjicajj^ijiiJi 3 juila (jL 4:^ ( h\r->^ 4^1 VI phototransistor 
jj-i .MjijiipJi jLL<u J .(remote control) p^^- " jL^ jl i?-, ,„i 3 jl^^^s jj_^3.^iui ij-^^i l§^ 

jl JiJl 3j_^l I§_ <Lal jLJeTi-i-ul (j ^ oj ^-^P' *.lj_«^»JI O-^ 4_<_j)VI (Jila (_yjj.il j_i£ ^jjiaJI «_/3 ^Ur 4_tJl '^ aL 

.(_)^j 'r^l'l JuJs 

.(|) (if) 

A B 

(jLLaj (_yic (^jVI ^-1^^ 1,^^ J-H:^^'^^ j'-d^ aI jLJeTn-uLj tiJJjij 4_ajLSJll 4_nj^ (j^Li2j 4_ajLSJll ^^-►'^ j^Iu 

( X 1 - X 10 - xlOO-xlk ) ^jLsii ^^ j_/3 t_^Li}j 
- ^r^ - 
















(JJ? ^JL? t ^Jj; I f^ 17 a t(j^L-La.U 4_<_iJjL>JI aj^IJlJL ( 4_jjj.^^xJI 4_jJl!l1!I j.^1 ( ^ a *-Aj^ ijjj '^~ ij'\ iiLclj-a 
;_gl (J-i-i^ajj (*^J'-'^ JlJ^ ( 4_^jLSJll (JjjLlL^j fij—iIuLLa i\ I -^~\\ AjjLLijJI jji ( J_p-jJI 4_uj.^.^xJI AjJiJuJI jjj^is-a 

aJU- I§_j t^-j^L^J V 4_xijLSi 4^L:=lxi (^jjJlIII (_;^ (j_<ijll L^j_LaJ 4 ^>ljll 4_<3>L«JI (Jj-:=lj 4JUJI ^jui 



idi^^lLill o'iULt ()^ ^Ji^ i^LiSU' 




L i 4_jjj.^.^jJ I CjLojLSJLI Q-a 



<— 1 ljijrLi.rj.a (J^LlSJ i 4_<sjLSJLI (JjjLlS-<s aI JtielLjil 



.tlJliLlI jJJj-ijIlK i§_ Lc^3 .(_yJljlLll L3-^ 4jLu2lJll cllLojLaJLI ^j^ fy^ (Jjj^jHj t Jt4^l ^JjXlA C 












I JL-ife (-^1 rVi^V i4-g.lt-.?'<l J I flj^ljJI 4-(J:?" ^'^'^ Lg^ (Its' 'JL-*-^'^' JLuaiJi 1 4_uj ^^Jl j^IjJlJJ ^juLiUI 

il (j-*— J 4_ojLSJLl (J^1_l2 (_$! ((JLt^ajVI jl jl-'wl )_jjl fcfL) 4_ojLSJLl i_yj\ j^Tl a aJlJcTi—i-uj ((J_LaJLll 
. U L2 l^"oj^ 4_ajLLa (Jl j-uiuj ((JjjLlSII ^jI (j^ Jl=3L1!Ij 

. J_^l u^ljlal (j;ij 4^jLSil o--Lj^i 0^="^^ / U^lkil 

.(jUxa^i^l ) ^Ij^^l Jl jL»ILa (JjjLjS jL^jv .^ 

.Test Board c_jjL>:i<jvy .y 

:^llll J-^ Mill 4- I ""^ VJ^^^ T^ L7^ tlj'^jj>J,l JljvI J-h^jIj ^ .^ 




AC J^i ^> 



:(_P^I (-.i-i-riLrt^ 4.2jij.laJI 3*.lj^j cr^LlJI J^ r'iitl l_*jjijv <J:j LtxL>J, I ^-j^^_ ^y>W (^Ij^l (j^t- 1^_< ^ .Y 

(Jj-re-q-U ;_$jJLl!l ( 'ActW tiJUJL=ij (_yjl JlIj'^I ( 'AW (^Ij^^ (JjjuajlJI 4_ajLLa (JjjLlSj (Jj.^1 (_yiirt2 ^tCu 
jL^Jv (^IjJal »^j Jtlc ( XlOkohm ) -ajVl ^-tiaj (_yig. jILLaj^Vl jl^:*- A I JlJcTli-u L dJJjij 3JlJ>> (_yig. >l.=3 
fiiilj^ (_yia.ju J j_>ijl I tiJj.j»Llj j? (-.^-^tL-La J.=lA!I 4- l-«^= Jj^^^aU (_yjljiljVI lJjUI i^ljlaf (_yicj:Lj^_^Vl 
La? j_t-ijl ( Short ) 4_i (_yj|jLljVI cJiJil jl (_,JLc Jju I JL^a j.At-ijJI (^jL-uj l9-\j^ ^t-ir I lil 4_Ll«^ 4_<ij2 (Jlili 












J ( Open )j_^^ ^ ^1 jLibVi L-iiii (ji cr^ Jj^j I J^^ (4_:L^vu ^_^ GO) j_ijii ^j-^ti: ^ I Ji 



(jj^l) cJLxlII (^jiaJI 



Bfc:^ 



^IjO^VI 



i^^^liJI 




.j_<ijJll tiJj.reIij fj] ( JLuiSjl (^gjjlill J>><I' (-aljla? (j^jj i JLx-iajl (_yjl Jilu^l Jj^l c^ljial (j^jj ) 
(jlj^l) i_JLJI (^jiaJI 




:(_yJLl!l JjJl^I 4- ^LlJI J^ije-..i.L"u <1 tiJLjJL! (_$ JJI Jj^l (_)-i»^=t^ J^ -^ 









lb^j4li VwJI SJ47-VI uLuiiS^I 



Tl 


A~B 




T2 


A~B 




A~C 




A~C 




B~C 




B~C 




D~E 




D~E 




A~E 


00 


A~D 


00 












^^^1 (jUjUII l^L^d^lj^ 1 4^1x^1 JJ>u)l 

^jljj^l -al jLJeTt-i-ul (jj-lc L^jLjiIJI j«U l-Ll.r:L>- SL^l j_liil!l Jj_»L-^ ijSjLaJLl A_a-iS ^Jl^»J ' ^ J'^^ (j-^xJj 

.r-j_<iJI ^j^ cy^ fljjp i-^tLa 4^jLSil <_jLlxl>- aJojjJ^ l^jjlI! (_yillLll J*^ r^iitl I|_ (3^-^ .^^jLiJLI ^.^jS jujLrtHj 







111. 






r i L 



jia^t irijJi <jiUJi iwjJi MjifliijAiM ^Ji 
















(_, (>>fl\\ J? (_yjjiJLJI t3j_LJI (J_»jvlj 4_<3jL2il I§_ LLai-JI jf <Jl!jLal!l i-i-ujli JiJL^»o e^-^' (J>^' >*i i^i>>^\\ jf 
J_a2 ^ ■^'^ jl (_yj_<ii (jj-^ |-(J (j-q^i-i <— il— ajLSJll (_)ia_»j tiJl_(ji (j■^_<lJJI (_j!l jLlxljJI (J^ 3?.Ij_SJI IJi-jIj i-jLLl^ Cr^ 



^ 




■1 


1% = Brown 
2% = Red 
5% = Gold 
10% = Silver 


^^1 


CT^^^i 


'tT^ 


jy jjOj 


:^u% - MO color 





^^j i^jLsii ^j '^.j->d "u '^'^" i' crH*'^'" j^'^' ti^i ^L^i e.jLxj=j tiUjJ .Tolerance LkiJi :§_ 



Ule/o 



^jJl^ L 



J dJL-LA 4_jf (j^-*j (_7^-& JlJI ijjULh t^j-LJI (jjJ c 



«. (jj-l-C (JjjLSj 4^LijijJ 



S fkjVL 4_<ij2JI jijt^ 
.llOOOOQj 90000 c^e^i 10%a1j4, 100000 Q :<^U)?( 












.( jTu-^TlIj^ ) (jlslj^^l ^ Jl»IL<3 (J-uLj^ j'-d^ • ^ 

.(Test Board ) jLn^i ^y .y 

IS-jla (_yic ^Laljlal x-tisjj X IKLJ (jl Uiltl ;_gjL^ Cr^ j^-^^^ gd.?^ ^-^^ f^ Q^^^^j^^ j^-4^ ^ ^ ' "^^ -^ 

.(jJLsLol (_pJI (JljLojLSil 4_lSj «_<3 til! Jl^J ^LUJI (JjJt^ i§^ l^lj>- rrl"j l^"oj^ 3*.lj^J ( ^ ) A^J 4_<3jLSil 



^L 7(JI JjJb- 





uiUIll 


jl^Vbl^iiai^^^ 






(^jJi 






- 


enample 


kQ 


Q 


\ 


III 

12 3 4 , 

(td) 










kQ 


Q 


r 


- 


n 




12 3 4 

(td) 2. 






- 




kQ 


Q 


T 


HE 


12 3 4 3 






- 




kQ 


Q 


i 


ffll - 


12 3 4 

4. 
















ji^Vbi^iLai:^^ 






,a>ji 












kQ 


Q 





- 


1 




- 




12 3 4 


5. 












kQ 


Q 


•v 


- 


1 






- 




12 3 4 

(tol) 


6. 






- 




7- 


kQ 


Q 


V 


III 


12 3 4 

(tol) 






- 




8. 


kQ 


Q 


A 


III 

12 3 4 

(tol) 












kQ 


Q 


<\ 


- 


II 




- 




12 3 4 

(tol) 


9. 



'ij\^\ ^Jl t*;J^' cki-*^ C*^ ' 4_Jlli!l oLajLdil ^ftjS J^Lx Qja 



u»i J'^t 


:^iLUi:L^ 


JiVl 


4^Lx)l 


d)Li)l 


\^sti\2jMiJ 










150 Ohm ± 5 % 










3300 Ohm ± 5 % 










56 KOhm ± 10 % 










3 k 3 Ohm ± 20 % 






Rt = R3+R2+R1 cjLajLsii ^ fi-*^*^ C3-* '^j''^ 4-ajLHi 4_<ijS 03^=^ tlJUjUJI 



I Rl R2 R3 I 

"^ H H It-" Rs=ri + R2+R3 

I U1 I U2 I U3 I 

Resistors in series; just count them up! 



— ^^ — ^ — ^— 



1 



15 Ohms =5 + 5 + 5 = Rt = R3+R2+R1 

.(jiy Vl Ua^l^j till JL^jj lhU^Li ^IjUI ^ <^3Jj.^JI CuLajUil LftjS c-iUc^ / U^Jik|l 

.22OOQ ^^lui.lJ^^j.^=Jlui.LsjLSll(>(Y) jjl^ .^ 

.( jTu-ftTiJ^ ) (__)lalj^ 2 1 J JuiILa (JjjLjS j'-d^ • ^ 

.(Test Board ) jLn^i ^y .y 

















r J"— 


m^jga 


i 




m ■' '^S'-' *" 


-1 : 



<jiyVL Ul^ 


c^jUUI^^ 


ujl,„^tL L^"l^l2 


^jliJlR 








2200 Q 


R2=R1 


- 






- 


12 3 4 


3. 






KQ = 2200 + 2200 


Rt 
























^1^1 uUjLii^A t ^Ijil J^>u^l 



jJ-t^aJl I ^J'^J-Ls (J_t^JJ Cr-^ 4_l!L1!I 4_<3jLSil ;_5jljJi 4_<3jLSil (jl ;_5l ;_5jlj_l!l (j,-1Lc (JljLajLSil (J_»^JJ 

.AjjI-LXLla 3ji_^jil (JIjIj-cJLI (_>-i.r:L>- (jyic (_yjLj.4:=iJI jLl1!I p • - ^ ^j ^LdbUI 



Lp-i 







R1 H2 R* 



1/R3 + 1/R2 + 1/Rl = 1/Rt ^ .Li^ ^jLiii i^ <: 



2 tV^^I 




Itot = II + l2 + I3 
Itot = II + I2 + I3 = 



Multiple resistors in parallel 



0.6 Ohms = 0.2 + 0.2 + 0.2 =1/5 + 1/5 + 1/5 






. 470KQ A.^\ ci^V^ '^^j.^=^\ c:^l^_$[2X\ c^ (X) ^j^ .) 

.( jTu-ftTli^ ) (_)l3lj^ 2 I J JulL<3 (JJjLjS j'-d^ • ^ 

.(Test Board ) jLn^i ^y .y 










"■^ 




^ ,.,... J 






I 


■^ 


^ 


7^^ 



OiyVL Ul^ 




t-iL-o^L L^lft-ti 


A^jll<i]|R 










470 KQ 


R3= R2=R1 


- 


1 






- 




12 3 4 


6. 






=1/470+1/470+1/470 

KO 


Rt 
























^^JJ\ f.\y^\ ^^J-uxA aLaf ( '^ ) 4_<3^Lc. ^—'-^^ tiiJjj ifij_j=3JJll j-i^LulJI (j_<3 j_*^alc. J-^jl! j<uj_S1!I I Jl^ 



( »bVit:u2jijA)»bVi;i;>Lu 






(WJ 


U^j^ 


V 


(i^ulalUJjli^ 












jJlx^I (> ^jUJI AC ~ j^l Js^l c>"L*S 


^ 










^jJkJI 4^uS 0-"Li^i -J-6^' j^U.^<u Jj^=ta JjJ^jJ 


Y 










^tiy,tir,ijjll^,ju^yMj«",,„u j<s^ti^„ir^ 


X 










e^jl^UI c^LjU^ J^^l, j-cl.^1 J.4-JI L>"Lj^ 


1 










^l3Ulj^lj^:§^jLUI^LjS 













Jj^l c^ljlal (j^j LajLSil o-"'^ 


1 










4_jJ_^j.^xJI CjLajLHI 4_<ijS ««^'j^ 


V 










^1^1 c^UjU^ 


A 










;_gjl_jl!l cliLajLLa 


\ 


























ujJUlf^j^ 



ujidUluU^ 


























.j-o^LulJI (><3 Ju^Jll <^Li=l t^jJiAl! c)^^V3 lJ^^\ aJ-& 


(Sj^tlj2j!jA)»bVl;i;>Lu 


jmLoJI 


o2m 




j2I« 
















jJlx^I (> ^jUJI AC ~ j^l Js^l c>"LjS 


^ 












r-jJ»JI 4_4^ (jjiLjSj ^^-4^' Ju^ l(^<!,\ (Jj^*-a (J-U^j3 


Y 












^IjUl c^LjLl^ J^Lx^jl, j-cl^l Jl4^I ^LjS 


r 












e^jl^UI c^LjU^ J^^l, j-cl.^1 j.4^1 ^LjS 


i 












^IjUlj^lj^lS^jLUI^LjS 















J_^l L^ljlal jrlJ LajL^I ^LjS 


1 












4_jJ^j.^iJI (jiiLsjLail 4_4jS **-'j^ 


V 












^1^1 c.UjL2. 


A 












^j\ps\ c.UjLi^ 


\ 




















ijJlJJI uA\ 4__JJjJl!I 4__=lJLlII 

■c^'iffln ll lujiLIIq ■««-'inl l pilnlll iiinlnll niiiiiiq nll 



J 



3 



^ 

3 



3 






I 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



flj^l jJI Ji-Iji l^jrcfL^ ^J'^J^i 4_tJj^"l^lVI xia^l (_vil5t2 ^.Sji;!^ (_yic fijL^il <— IjJlII.1 ( y r .iI^J O 

ljLijU~^^\'^\ fij^l jJI rjU- 4_tJ^"i'^tVl xia^JI o^\^J C"^^-^ ^jW^ VJ^' '■ 

.4_»ibKJI cjUUI (_viirt^ «jL^ VJ^' ,,,.,-, ^^ J o 

■ I ^Ir^-fc^ 4ji7J^J cll^Lt^jil ^Ljjil <^JJt-<5 3jL^ <_JjJl11I ( > rrl"*^.: O 

.eLu2LSeJ2 4ji7j^J (_jj>-jJLI iSjJt-a «jl-4^ <_JjJl11I ( > m"*^.: O 



o 
o 

.(j^LiJIj (_yii^tA!l ^t-Llcr. JlIc i^yi-uA\ ciiUljjvl f-Lul (_yic. Ij^Li <_jjJl11I jj^^j j? O 

.4_iijjJI I§_ 4_a>L<jJlj (j-a^l JlcIjI jJ.'^'^" • ^ 



.( iMri'l / T-''-'-^ ; 



ijljjljlljl (J-Cr. 4.Sjij^ 4^JJt-<3 



- UA - 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



i^J^pjM[JjJ\ JLS^ij j>«; 






3 ;jj^-— 'jj L»-<3 L<^A^1^3 J I 4_<ij^ J I j-Aj^ 4.111^4 ^j*^— ■" 3j^ I jJ I ^ 4_»j^j^IL;=xJl 4 « U'^ (J-^' 






i^^^^< 



jL_U)UJI 



■ 4_tJj^"l'^TjVI 



.4^LiJ3l a'\ 4 A I" -^ ^ 









Jiji 









^^^ JJjl. Jf» JAM 



] 



l1j^-4 



i-jia- 



i 
1 












lb^j4li WJ' ^>^°^* ^^sJ^\ 



Component Symbols (1) 



ijlAJjr\^\tjLi»i\jSJiJ\ 



>jJI 



Mti\^\ 



d™i 



f 







-r 



Fixed Resistor 



Potentiometer LajLi^ 
Variable Resistor 



LDR 



4_l!Lj< AJjIj.JV 4_<3jLS-<3 

NTC 



/ 



• ?• 



HI- 

c 



4_L>.J-<3 AjjIjJ>- 4_<3jLL<3 

PTC 



Non-Polarized 
Capacitor 



,«r' 



■Hli- 



Polarized Capacitor 









lb^j4li WyJ< ^>^°^* ^^SJ^\ 



4ddAJb-(i^(49^IJ^I 



>yi 



-^1*^ 



><dIall(«Ml 



Variable Capacitor 



Fixed Coil 



Variable Coil 







Transformer With 
Magnetic Core 



Relay 




t 






*— w- 



'-#- 



Relay 



Diode 



Zener Diode 



LED 



AjujJI j-tilLo JijjIjJI 

Varactor 









lb^j4li WyJ< ^J^^^* ^^SJ^\ 





>yi 


>idijtii(«Mi 


^ 


.:^. 




^•;^ 


^-@C. 


SCR 




,.3 


F 


Triac 






NPN (Transistor) 

PNP ^^^ui j^i^j:!^ 

P-type (UJT) j>i-i:i^ 
a^yi ^^\^\ 

N-type jijii^i^i^ 
^UdijJibJi N- Channel 

(FET) ^ij^i^jil^ 

P-Channel jji-jpij^ 
^^ 

Photo Transistor NPN 









lb^j4li WJ' ^>^°^* ^^sJ^\ 



Component Symbols (2) 



^kJb-liltl^plollJS:^! 



>jJI 



4^)1 («mI 



^^ffr 



^Wt 



m 
^#1% 



I 11 



-D- 
-O 



_&p 



Buffer ^ Bj^ij 

Inverter (NOT) ^i^ 

AND (2-input) ^^i^. 

NAND (2-input) 

OR (2-input) ^.i^. 
NOR (2-input) 

Integrated Circuits 
(IC) 



U^^ji^\ jL^V' lIjIJlj^j 

7- Segment LED 
Display 









lb^j4li WyJ< ^>^°^* ^^SJ^\ 





>yi 


>iAMll(«ttl 


4 


=0] 


Loud Speaker 


^ 


14= M 


Earphone 


•^ 


MTC>^ 


Microphone 


^ 


-<b- 


Measuring 
Instrument 








^^ 


Volt-Meter 


'^ 


^^ 


Amper-Meter 


«» 


[©■0- 

lAMJ'. (AMH. 


LAMP 


■« 


— 


Switch 






uLuiJU^Vl uLwLii liLijj '^>tli ILuuuJI Sji^"^! uLujjU^ j 



^kJb-l^m^plollJSLSJI 




>yi 




iutll(«ttl 



Switch 



+ lill- 



^1 



Battery 



.^^ 







rowEn siivpLV. 



4 



Power Supply 



Solar Cell 



Fuse 




Bar Antenna 









lb^j4li WyJ< ^J^^^* ^^SJ^\ 



--- 

I 




Antenna (Aerial) 




X 


C7-^j' ^-L^^j^ 




■ 


Earth 




^ 


Chassis 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



Capacitor or CondenserLiiSLil 






nenh 


^^^-flh 


7l^# 


^^L^cJO^^^ 


...UnLa^-^n^,-, 








.iJL.1 -_ _ '^^^ -^^^ 



(_JLj<J (_(JVJ^ 



t t t 






I <j~f,y^ ^j-*J> (j'>-'^' o-« (J'j-^^ '-(^ (— il i^'i^II (_)ia-*j .4_JLij< jf 4_tjvj^ o-JL^ I jl <_jLLi1^I ^Jl^ 3jiLc. 









ILb^j^li WyJI Sj^Vl CiiusJiSJ\ 















*;»*ft»J 



UjjUi 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



uU^I («d^2flj^ 



FARAD ^ijUJl L^^LjS 3 j^jj C>jJL . ^i^tl >j^ 



:jJu^I (Jill Jlvj (Jt c 



LJ£d=A.\ ^-*jS (>uLi2Jfl 



•^10 6 



Mkir9= - 



1,000,000 



Micro 
Farad 



^F 



F 9 
10 



Mano= 



1,000,000,000 



Nano 
Farad 



nF 



F 12 
10 



1,000.000,000,000 



Pico 
Farad 



PF 



Pico Farad jiijU j^jitL (_^lsj ^^^i (_>iiAj 

102=1000pF :jj^" IfLA^ju^] Jij^l ^ j^ ( h'-,^^ a >lla 

100000pF= 100nF= 0. l|Lif : 03^=3 Ui^ >a^i ^j^i ^ 0_^ . hi^ ^ >ll<. 



Plastic Film Type ^^SidbLw^fLttilljJLi^lSfl^ 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



>^' 


ajji 


M 


o/o20 


K 


o/olO 


J 


o/o5 


H 


o/o2.5 


F 


IpF 



-c 



420% 



-^ 



+20% 



1147 
100 



> -[ 



2MV 



tl^MVIj^aJ 



> 



1ClpF'IOO=I00OpF=lnF 
5WDC 



sVdc 



W£K>=r300i 



I54pf * HW£k>=r3&M0pF=15flnF 
IMVDC 



:(_yjLl!l J*^— ■ "■^1 ' 'Lse-usjjO^ A^jjuus jii^i] jj-ajj 3j_iIuj-<3 ;jj^-— ■" '"'I A"*^— . 1 1 aJJt ^■^«^' 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



IWKM 







223 Kt3 






1^i 

1DQ 






I JL^uij 1000 I^ <jj)jjia^ 4_<_cr.JI jf ^i.t-t£ 3 (jL^ I Jlj 100 I^ <jj)j_tia^ 4jlxxl!I jf cy-*:f 
20 / (jjIa^ M 1-^j^I La? 10 X (_yJLj K L^j^la .iljJI ^Jt^ (*^J^' J-Af l^'^' '-A>~=*^' 

S ^i ^^ liUi 474K63 :^LiJl >jJL. j-ij^ Lj2iL^=L^ : JLw 

.jiljla^isLjj 47 ,_5i 47 jUii-JI ^ys (jry»^j Jjt ji J^^ Ll* 

470000 = 10000 X 47 ^ cJii^tl i.^ ji i^i 10000 vj-*i^l J-aL^ 03-^=^ 4 j^ .UliJI ^jJ\ 

. (jljL2jijj=LjLa 0,47 ;_$jLxij \jjt) jljLa^j^ijj 

10 / (_yji Aju^\ H^ jl ,_5l K_3^ Aj>li!l aI^jVI Jl»j ij1x1\ uBj^shJI 

oJji 63 = J^4^\ JLill I Jui 4-i -J^4^' u'-^-J^^ K ^j^l Jl»j 63 (jUSjJI 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



Ceramic Disk Type ^wl,^l^ 




i-j-,. ... j^^^-pi-ajVi L^j^i c:l ^'•I'^ti 4 jiiri (uF, nF, pF) Lj2JLi=LAii 4_iijjjLUi 5_*^(j 

^jji.1 4_<ijS ,_^V J_J^J pF ^Ijla^J^l^l 4-<tj2j j^l^'j jl i^.r-itl JiJlC 
3jlj_^l (J-aLs-a tiJL!jL.^3j J_^.:>Jlj 4_l2Jij ' ^ "^^ 1 1 aji_uli (jyic (JjiJ jj-aj 3 Juu lj_iluj-a ^j^— -j pJ-iJ' ' Ji-& 




22 pF 

+20% 
1000WV 




20 +20% 

50VAC l20pF 

400 VDC / +20% 

50 VAC 

4oov(x: 




fltfttoB^C 









lb^j4li WJ' ^>^°^* ^^SJ^\ 











4t>.44^ A» j» ^ 










( N2200 \ 



4/pF 
+20% 



/ COH \ +0,5pF 
V y^ +60ppnn 




+55Ctol25C 

lOOOWV 



jkQjl tiJLLii (jL=i lil La? jljl_23i=L^L fijL^jJI (j_9_^xl2 Ajj_<l£. (^L^jl (jjJLc (^>I^ V ft^jJI (jl ^ lil 

. jIjL2j)jj=ljUL jj^^" fijLS-yia 0.47 j! 0.1 Jla Aji;-.!^. 



^IjU^L: 47 e^i ^IjLaj^M 1000 X 47 ^,1^ I Js^ 473 



. J^iAIL ^jst^jll 4_i]LlII illaVl L^laj LiiLJj.=3i (_pJI tJjIaJI J-jIu V ,j:j^l fl^JI tiJLLii 









lb^j4li WJ' ^>^°^* ^^SJ^\ 

















Li^l^j>ijjjA^ 



: ( Li^l JAM ) (ji\^\ 49k 



vG4_jJl«.c. (jj-ILc \-L& 4_^jLSJll (J_«juj Ljj^ojJlj (j-je-iToJI (CJ-J^ (jyJIjUJI (jyic 4_<3jLSJllj cJiH^xil ^j^lus^ 
















lb^j4li WJ' ^>^°^* ^^SJ^\ 



c j-ti- Lj(_;yic 4_<3jLSJll (J_«JLJJ LlsojJ-j i—^j-aj}] 






:^5_i^j^ jji L 



J^LH^' 







(_yjL£. jjj-<3_^^l jl-4^ al JlJcILjiL tiJJjij ( h~^—} oi! i_jij_al!lj (J.»lAJI 4_ajLLa (J^Llaj ( h~^—}i\ (_yii^t2 ^<uj 



Ofci: 










lb^j4li WJ' ^>^°^* ^^SJ^\ 



.( jUj-cIJ^J^ ) (__)l3lj^^l ^ Jl»IL<3 (J-uLj^ j'-d^ • ^ 

.(Test Board ) jLoi-i ^y .0 






lil Ul .J-ijII L 



.jL^^I L^lj^f A-IxLlSj Jlj21!I (JJJlJ LjlIli=Jll i^J-t^ (_ylg. jL^^I iS^j-ta ^-1^ -Y 



lJi'-i^I.I ^U 


i.^lj^_^l 


X^ \c Slack 
iMurante^t ^^ 























lb^j4li WJ' ^>^°^* ^^sJ^\ 



(-L->jii Liij_k!i Jj-«^j3 jLi^j ' ^-,<^ti ^^^ ^1 J4JI 4- ' 1 Mohm (_^ jL-^i 2!J-J^ f^i 't^^?^ 

^j^ t^r 4_JL2 4_be_JiJI «.jij_alu ^aj-Sj ^ (j-^J (j-Jc-iTuj aJ lil Lai .00 Jl Jij_iu ^ ^-^-1^ '^J-'^ j'-^^' J-^J^ 



cj^i-ai^u 


i^^\^^^\ 






















^-JJ^^H^jJVI cllLse-iIujJLlj JjjJll (j_^ j_£^J>- 2I *. Lulu 2 I )>_LCJ L»IaJ J_J_pLLl f LjjIu^I ^ -^ » j ^ ?r_a-i.uJ fll^I Jji pB_JujJL) 
4 1 Z-^ I ► 

*• 

Uijj ^_>ii^itiii ^^Jl^\ cjii cjijLiVi jj,j_4j ^^ ,„j (Low Pass Filter) ^ ihHU)ubjiUljlj^lg^>< 

ji j_L^ Uiu ^LjlJI j>^i cjI j cjijLiVi jj,j-*j ^o,„j (High Pass Filter) liuJL*)lulii>Jljl>«l5tt>« 

(>a j_L^j cjijLiVi (>a oy^ lsL-^ jij-*:> ^<i .Mj (Band Pass Filter) ^Uulf ub4iUljl>«(^>« 

■ pi q" f if^lJ 4_LL<.a iclil jLllvI ^j^ (jJ=l.*j (_y£LLaj (Jlil^^jJi j'j^! ?=-^J-^ AJtielLtxij jj^ljJI jL^^ • ^ 




li|_9 4_iJL»JI (Jill J^jIlJI jlj-al 7=-^J-« AJtielu-uJ C^ts 4.2jIiJI (jyiLc J-iisj ^ '"'j-^^l (Jl x-clu-uj LaJiiiLa 
jj_!l Ci- < -iJ j j lil Lai .4 I >t 17 V 1 1, 1 <Jl!l^.i^Iljl j'j-aj 7=_iluj-a aJlJcIujij Cj_iL2 4_cJi_LII (jjor <Jl!jj-a (_y 1 Cj^-lC 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



(JLlSILjiVI jL^.:>iJ 4_LL't-a fijLil (Jjj<j3 o-iLa jLlJCJI jL^^ (J-l^-iTuTl! (J^j^Hi^s ci!j.*jjJI aJljcIujij L<3j_Lc .T 

— ''-^-LP jl>^! ?^-^J-^ AjLJe Tn - r jJ _J4^ Li^_lju (jalJJJ fijLiVI ^JljJ (J ( 7>~ mil (_ i _ lA . r Ll. r jJ ^^^ylo-J . (j JJij-flJCj I ^ 

>. 




jf jLiTuil 1 M^ <^j 4_jf tiJLJi ^j_-a fij_J=uaJlj Cl!be_<ijJll ^il—LiJ diL-ajLHIj <— il i^ltlj cl!L_aiii=Jll ajLieIL_LuJ 
CjLtc-iIujJLI (_jJLc j.^3j_L<j<j 4jiL<3 2l i_y^^ L-iji Jijj-LiJi .<j ju jjl j-Jtlu L^Ha-ia j-tilu CjLojLSjs CjLrimj CjLalL^jJLl 

(RC filter) lJi'-i^i.Ij ^jLsii ^j-a 
(Low Pass Filter) 4,^,;^^i cji.i>>ui jij-ai ^j.^ 

4_<3jLS-<3 ;jj^-— ■" • ■■ 4_tiajaic_(Jll Cjl^J^i^IL!! Jl_Lc . 4_tiajaic_LLI dsl^J^ipHJI jlj—al ^=_iIuj-<3 ^i^-iisjj J^— ■ "'^l I Jui 

( h "1*^1,1 4_ajLL<3 iJS'^~ '•" ^-;jJL*-" <— il^i^i^p-JI JlJ^. Lq-Lu Liuajj-a r-jL>JI Qj'^Ji"' "-^J^J 4 i^ii^VIa < ^"i*^ U 



•JJ>^' (j-a 4jJL»JI dil^i^ipJI J-1<W L«_Lj jjjJlL 

VSA?— 



Jit:t. 



=t ^ Zj^^^ 



(_yJLl!l Ji=LA!l LJJiJvjJ .i^ipJI JjLi-a (Ji-ljJI Ji4:>JI/^jUJI Jl4:>JI) 4_<i-»S 1_U^ j ^j 









lb^j4li WJ' ^>^°^* ^^SJ^\ 






(High Pass Filter) iJUil c^b^pll jlj-^l ^j^ 

jjj_<W 71^-4-^ '^ L»i-u jj^Lj LJ 7!^aj-uj 4_l!L«JI (JliljlJjIlJI jLa til! jjj .Lia-aitla rjUJI jj^^j— tiiJjJj I Jlv 

■4<>(^Ar;U tij|ji^j:L!l 

HI- 






JJp 



(Band Pass Filter) ^LkUl ol^^jUl jlj^| ^j^ 



4_jJL«JI tijl ^.J^HJIjlj—al ^=_iluj_a J 4 ,\^^ 'A I tlj|^.i^llj|jlj_al ^ctij^a ^ 



:^jX\ 



(JSl jl Ct^' -^-iP L$' Lq-Lu jj^L dll ^.ipJI (j-<3 tjLIaJ JJj-<W 7=-AJ-uJ ^=_<ijJll \jjt (jl 4.*_Lli!lj I ^i>it jj iLa^^j-a 

.jjjJlL 4J 7=-<i-i-uj V til!i (j-a 









lb^j4li WJ' ^>^°^* ^^SJ^\ 






J_ 



AWr 



G>^-**^ 



:(_yJLl!l J^ Mill LJjL>.y Ji^j^l J;>L2^ (JS^IjJI s^p^\ I ■n^\J>S\ Jl^^JI) 4_<ijS Lu^j jJ 












(Cut off Frequency) ^Joill ^4^ 

((jj a lis Y) / \ = xJaaJI JiJSjj 






.(HENRY) ^SjA^\ ^^.i^ 'cj^^ . M Jt ^1 JJI ^^1 J^^Ll^ ^LSjj 

Types Coils uliUl^l^l 

.;jjl& 10 (Jl cjUUI (3-<3 P5JJI \jjt> (Jla tlws- J-^j jil " ^111 ii^jv (3^ juijj (_yJLl!Lj 4^jU. 

(_^q_i.<jj ;_^JljJl^I (_>_ll!l (J^lj tP' J^' il^^L fijJjILo <^ljLp (jf <— iLlUI (j-<3 fj-iJI I JLJi (Jii-a (j^ic (_>-l<j (jJ=iJj 

pLijjl t_x-i-..ijj U^ (-..-ISJI I jui Ji-lji 4_j^ljAc cjL&L>o( 4- i^j-^tlj 4_txiljjJI djIjLjl!! ji 4^1 1,-^rVl cjIjIjIIL 

Ij-C iJjlJjL^ ^lj_<i (Jl ;_$ JljJl^I L_xJL2JI a rrl^J til! JlJj .4_iLLjl I^ Jl^J (_^l.rj-da LulII (_>_ll!l fijIj-^V ^-^J-^ 

4_u-li-ujjJL3J I •»-j'l '^11 j^jlj^ 4- (aJt^JelujiJ I 'y^--^ J-J^Jlil jLpJl (ftJ^^ 









lb^j4li WJ' ^>^°^* ^^SJ^\ 




El 



vijAji jl ;jjU**vi oijUi fjUJ 







Cjjj^-LflJI (j-<5 (_JL3 dilli <_kLo 









lb^j4li WJ' ^>^°^* ^^sJ^\ 



.J3j_ii >lu=i 20 (J 1 
.yijjt ^h^ 465 i^jLcoj A M Jl 

.Cjjjj^-LflJI i^La jl JtjJusJI ,_3jre_iji-<3 (j-o c- j ^ < ^ 1 1 (_JlSJI Cjli cliLaJLLI (j^ , U , „j" 1 1 ^.j^l (JliLaJLaj 

I§_ j<U-«-(lII j-jlj^ (J-la ' j-J>* L-?4-« 2 (j_C. JljJ^ (_pJI 4_l!L»JI (Jill ^.JpJI I§_ aJtielxxiJ (_yJI (— iLlUI tiiJD 

.(_yjl_^l cJL2JI Cjli CjLiUI (3-<3 (_yJL«JI Ji^j^l CjLaLaj -JJ-ilj-!' «j-4^' 
<JliLaUI 4_ftJU^ jj ^^" (_>-iiiaic_m ^.ipJI iJL>- (jr-^J ^jj; ^^ (JliLaUl ijuL*^ (Jj_:=lj (_yiL»JI ^^j^l ^JLv I^ 
Jl^jIlJI L^ ijj~ ?_\ (_^JI j^ljjJI 4- ^L«-!l CjIji^jIL!! (3_C 4_Pj;i,--i!I CjIji^jIIJI J^^ai (j-a 1 m'^<^j I juij flj-L<.i^ 




^L^tJ^Jl- ^ji^Cyj^vJi^ ^^'*^*^ 



-^Um^ ^UM^ ^HMf^ 
^''^^r^'^ ^j^j^wjiwiu ^^j^^-^ 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



Jl_L<3 ^ ^ I Jn « 1 1 4_ILn-ta (_j!l J '^j V lJiULj ^ <ij f cf (_$ J-JI jLuJI (jL-2 cJiJla (jj-l-C j-ftTt-i-rj-a ' ^"^ ' t^ I • ■■ lil 

I^ jL)l!l JJj-a U)l^j\-su (jy3l jjl i±^^L Tr-TLLLi.r.La Jt^jv jj_jj (_>-Li.r.Lj tiiJij lJiUL Jl^-:><-II J-li^j1! (j^J^I ^iiirtUI 

Jl^jsJI jLa lJiJlJLI (j_c. j_<iIL<jJll Jl^^I J-*^ lilj j-clu-uil jLlIILj aJLjj^jj jiic lJlUI I^ Ll^ojJlj JijIj^ jL^^' 





^j_a 4jL«^ai JlIc lJlUI (j-a LlsojJlJ jLlI!' (_)iaSl_LU jW-^' J—^ 4Jl»^j JlIc ( h\i\ (j-o LlsojJlj jLlI!' ^'j-^ 



il,_>JLi ^iZuug-a Jl^jv L^ ^>y CjLiUI jLa til! Jj 4_iiL>olj aIa-jS 4- j'j-*^^'^' Jtf-*^ -^-l>^' j'^' u' l-*^ 

.ji^jiiil jLjiII j^lj-5 4-*—''-^' "^^ J-^>^ LoJlIc ^UoVI jjjju jI (j^;^;tl ji fi^LjjJI o^j^ cP''^' 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



Coils uLiUl 

^lj_<ij VjJlAa jLLaVl L_Ji2 (jjp^j (J I (j ^—} <^jj i Lc-jLaj La^^jjta jLUVl L_JiS (J^x^i (j^ic .V 




^(&-o %% 



jU_^^laJ.IJUl 




jj^Vj-^i?Vll jwjl jLvA* 







jjJl^^hj^l jLjJ1 jLi** 



ii.LLi.rJI I Jl^ <J>^^ 1— iTu-u <^H fif I§_ jLjj j_<w LajL_Lc 
jL»l!l JljIj^ JL^' '•J^-* -J^^'j^ u-uiAs[lLa JLjta 

■.Mi,„ti:g^jm 

.j«_«j^isJll (J_l2 (j-a LS_uji-a .JJua^a (j■^-»-a ^L>ijl ^ 

^LUlII JL>J,Ij lJiJlJIj jLl1!I CjL&UoI x_«iai^j 

.(_yl*JI JaJI 3JlcL2J 






' ^-^ lJiJULI ^j-I= (_y-lg. jJ><J 4JL»JI aJJt I^j L^aiJj 3 jLj Liajf j-JlJj jLjlII (j-c j^^LLII (_^i.rj-dal-Lm JLj>J,I 

Jl.^^1 \j-& ^-*7J^ <— '-^'j I oi^ jL)l!l j_Ju JjiJt-a ^Ij LJl^j lJlUI I§_ jUI jLlIJI ^ (j^i^itlj s^Lj^-J' o^j^ 

: ^P 1^ I tdift) I jmLx^ (J iJb-j 

.(^j-Lii 10^3- (^jLcuj^^jJji (_yjLil_9 .(l£h-& (_7iil) jl (;^j_L^I) fijLji-^jLJiil (_PIJl!I k±^^l (J^LSj 

.<GLaJ JJui jlj - Y 
.CiJ^-Liill fi^La (j-a jl JijJlj>JI ^jtclxl/j jI JijJlj>JL^3 4 j r njl-iLLLa l^La (j^ (_JL2 ' ^1 -^It (jL^J ~ Y" 

.? r _ L:te -l^ a (jalJ=L»jlj 

.lJiUI ^^ ^^[^ - Y 
















^^^^^H 


^^^^^^^^1 


^^^^^H 


^H 


#1 « 4^ 7 . . . . 


^H 


^^^^^1 


^^^^^^^^1 


^^^^^1 






(4^Lu^l|»LW( ) Diode ipJJ^\ 

jLjIJI jj)j_<w (_yjl_(iL!l j=_«_Lxij i ( JijjL:=JIj Jj_j^l ) (j^J-^ Cr^ l^J-^^ Cr-^^iA'^^! J '■-^if' (_yjl— iiiJI 

Vj ( ( (_j-<5L<3f (J-i-i^jj) \j"il ^^11 4_i_uj-L!L cj^j-a Jij-J^l Jl^ jj^-— J LaJiic tiJJjij JlvIj ^L>oI I^ ^.'J^*^"*^* 

I Jl_:=Ljij ( ^ . ..'^— ■ ^ (J.l_l^a^ ) \j~l '^— . II 4_l_i.rj-L!Lj Ll!1_<ji Jj_1 2I ' ^"^ ^JJ_^XJ L<3Jl_Lc I J-J^- (J-U-iJj jLp '^i J-*-* 

L<3jLi£. 3jLcj .j^'S?! ^L>oVI 4- (J-*^i:f '^i CjL&UoVI Jlj>-I 4- (J-^i:f ^■=^ H"'^''^ Jls-jII jLClcI (J-:=l^ 
' ,"lO jIjl2^ jjjLsJI JlIc Jl.^^1 (j-a (jT^^ jj^^j j_^^l JlIc Jl^^I (jLs (jyjLjiiJI aLcj^l I§_ jLjIII ^s.J-'-"i 

'"'I '»Jj^"^^ tVl (_yic ;_gjlL>0 (_y-!lj (N) 4_lJLl.rJI aj^LJI «_<3 I 4_be_ Ji.U '"<\t aI -►^^ 4_L>.jJLI <Jl! I^J^Ljl! I (jyic ;_gjlL>0 



Aiwdc 


^u 


^l^jll^iil^jLUl^ 


Cathode 


i 




ml 




^H 






V^J* 


P| 


i^N 












-> I ^ ,^11 J_<3j_)J . JijjL^xJI ^_^q_l.rjj (_J1_<J< L^J-Lsj JlJ_l 2I (_j.«_lJlJ (_|J>.J^ L^J^ (_yjl_uJI -> I -^ - ^ 1 1 ^J^— -JJ^ 









ILb^jilj WyJI Sj^Vl uiusJiSJ\ 



^^ 




Anode P^^M i Cnthode 


-' 1^^ ^:;; 


c»» 


jjjL:=JI (J 1 ^Jj'^\ 1^ jLjl!' j^---^ cA^ J^ ^^P«4^>^ 4-0 >Lc (_yjij (jyjL-iiJI J_^ iXh'-^ ^-^^^ L*jlji Ju>o 



1N4004, 1N914, :jia.LjLi jjL^^^iipV jj^-^j^ij^itiL^i^^L^jLaJi^ L^^ 

1 N4733 

l^jLlill uULWI uLt\JauuM\ 

(JJJJl-^j J^-^-sJl! ^IM 0^ -ajLJeTi—i-rjj L^JI L_^J-<3 j.^3 JlJ fijL-jjLC <— iLaljLJr" rcfl ^—jjLjitJI (— iLal o ir^lt 

tiJLLij .(Logic Circuits) i_i2kni j^iijjJi '^ L^b ^^> ■■■Nti j>h-" j^'j-^ ^ c^L ju jja .t-.;'--^^ 

.(LED) ^s^ i^i Ji cr-c-^i 3^Lj=VI ^^ ^J^\1 '^lni\ CjUU.*^! (><5 ^^ 
t^Itl jLlH) Jb-^tS ^^Jlii)) fklJL^dLwl 



.(LED) ^^.M,i ^Lzai ^U-x^i J (Zener) ^Lzai j-bj ^U^ jajL^tUL U^j <^_jp=L^Vi 



t 



:Ge Diode ^^Laj.^1 ^i_o 









lb^j4li WJ' ^>^°^* ^^sJ^\ 



cLJkJIj ( 400 INl Power Diode) Uj^f (><3j Bridge ^.uj-sui j^ij^ jia bjjl^ji jJIj^ :§_ Lui^ 

. JjjL:=JI (_^ Jjtj Ujiji (_,i>i^il 







fijjJb (j_5-^i3 t_xjl_3_<lj ij^Juxla^ j_^ 



:Se Diode jj^jij,,,!! ^i_o 
(ZENER) ^UiJI j-uj j.U^ 

(— 1 \j-ytJi ^ j_Jl1j La fi^Lc rj-^l ' ^-^ jf (_^ D.C Jl 3jJl^I J-jL-i-a '^ 4_i_i.uL-uf 4JL:=lA/3 tiJUji 
L^jj^ Cxjlii Jl^ Ct^ (Jjj^a^l j^ljjJI ^l^t a I§_ J i^ii^tl (j^ ^jj;^j <LJL2 x-tiaJLj ( (J.«^»JI jl (Ji- jJI Jl^j*- 

. JjjL:=lJI (_yk. Jju UjIji Jj^^I 

ALa-i^a (j_:=xJj I ,„j'^— .«A L^L>ijl ;jl ^— ' lil 4_jjl_(iiJI (JliLaLc-t^l ^ i^j—L.aj z jLuJI (jLs jsJLaj I -^^—^ . Jl^.:>JI 



'La-.-i.JL I JljjJ 



^LiiJI 













lb^j4li WJ' ^>^°^* ^^SJ^\ 




:Zener Voltage Regulatorjajyub-^jlikwl^ja^lfidtliij 

' ^"^ J ' »" (j_C j_kil!l (_)iaJu j_<jijJI jLi^jl > ^"^ (_gjLi.rjji^ CxjU r-j-iJI '^"^ ( jLuJI 4_<ij^ ^j^ Jl;>iJ K 4_ajLSJll 





Resistor 






; 


t ' ' ' ' ' 


— 1 : 







t Light Emitting Diode (LED)i^^\Li\Mli\i^lij 

4_tjj^'^tl 4^LLaJI (jl (_;^ CT^L-i^' ' j^-* (J-4-C. ^-J>ii" Jl^ajj (_^L<3VI ^UoVI 4- J^=lA!I 4- 1 q^ (_7jj-*iaJI 

I§_ tl^JLjJj 3j.jv cliLJ^jj^ji jjjj jj)\ e5-ij:f 1-4-* 4_be_JiJI cli^^Lv dljj.j>^ Cr^ (J-*-*-^ (_^La^l (Jjj^jIJL 4J 3l t-it 1,1 

LED ^j^i^ .1^1 ^LzJl 




ji vjM ^^11 ciij-U ^j^i .J i>i-^Vlj j-»^Vlj jJ-i^Vlj (_yJLSjjJI L^la o'i-'' «-J^-^ '^-'i ^^-cLJI (_yjL-L"LU 

- ^ AY - 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



450 ^3jji (j;A^j^>:ii!l fkj^L*- 

5I7U j-flj-isl (;j'^'^j^"")jj'^ . .. All i_jjjj i^jJLv 

DZ5 (_yjLSjjJ ((j-^33^)jj >^ rrii^ll TLJJjj A^^Lv 

d55 j_<jjv I jjjixxuajl TLjjjj A^^Lv 

900 ^lj-*^l o^ (^jJI)^j>JI ^jJLv 
930 ^Ij-^^l c:^ ( jj^jl,„tl)^j>JI ^^jJLv 




: Diode Photo (J^\ (^^^^ 



«^ 



(j_^ ^JlC jj-reluj 4jjijJLJI LLajljjJI j_txL^ij ?.jjiaJI (^J-Sj ((_yjjjiaJI (_yjl_(iiJI (jyic. ?.jjiaJI ' '-^ '^ • -j LaJ-Lc 

(Ji=LjiiJI I^ L«.=3 * j"''^~"' ^Lu^j3 (_yjjjiiJI (_yjl_(iL!l (J-»^jj 









ILb^jilj WyJI Sj^Vl uiusJiSJ\ 




:Diode Varactort^^A^JI^^Iiill 

.L^aJLc «^IjJI Jt4^l ^_ylg. I^Lclcl fij-JiILa '"'I A"^^ ^^^ AjjjlxxJI clsLxjljitJI a Sse^Luj3 

■ J^ Mill I§_ Lc^3 tiiJij ^ rrl^til ^L>oVI I^ ilj^^ ^1-" <i«^J (j-C. SjLlC Lj<Lj<f |_g^<-l.r.JI (_yjl_(iL!lj 

(_yii21jj Jjl-«-!l i-iL^i-u tiJJJLj Ji£pJ j_txuj M AT, ,„VI 2 :; U : A jLa ^ ,„^:-.«ii A^jJiiJI jl^ ^\^y^ Lajilc. 

.AJi-uA\ ^1 Jij3 til! juj iLaZLjfVI 4 rit-ila <.iL^i.u (jji^ij ^ in'^tJI Aj JuilJI Jl^ (_yiiSI_LU LaJiicj i ajlxxJI 







-,^ ju-^^ 






. v^ 






1 

















:C:l^LiJI c^ i 


>^' Ji^J-" 


Photo 
Diode 


Photo 
Diode 


Light 

Emitting 

Diode 

LED 


Gun 
Diode 


Varactor 
Diode 


Schotky 
Diode 


Tunnel 
Diode 


Zener 
Diode 


General 
Diode 


f 


r 


f 


i 


-L 


* 


+ 


+ 


+ 


c^l S 


c^l S 


J_<1^ (jyjL" 




L$>*-" (_yjljj 


^1 D 


c^l S 


^1 D 


^U^Lis 
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^ *i\—us^ (jj_^ij LaJ—Lc IjLp fj-us^ Vj ((_j-aL<3 2l ^Lj>ijVI ^ ^L»<aj-a ;jj^-— -j LaJ-Lc IjLp (_yjl_uJI (Jj-ajj 

lLLaIII I§_ ^jL>ol J) '^— ^j (^ JlJIj (>CiJL^I '^ ^LlJI (_)^Ij^ (_,_btl<3 J^^ .Ml ^_ijajjj ^ ,„.::-,. n ^L^VI 
Jl-^^L (_5-«-<-uj La (_;^L<3Vl Jl^^I L^J^Jtlj L<5jLi£. (_^L<5Vl ^LsoVI 4- jj>^W jLjli! (jyjLZL!! 7=-«-<^ - 

(_j!l j_iL*^isJL! Lj^Llxl/j Ljjij_Sj jLpJI (J-iiiJ ^tP" (jj-i-cl^xaJI (J-Li^a^H! I 4jLv (_p.*j (_yIrtjJll (j-a (_yLixxJI ?.j.j>JI ~ 




(_3JUjlJI ^)^Ij.s> ^ , ( , '» , ( ., a 



..4-ojLieIxJll fiJlUI :JjVl (^j.r>J( 
A_^Lap_L>JIA - 






TuninigcJi^jj j>jjI^B - 
Tunnel^ 1^1^^ I Jij^'-^E - 

Rectifier jl^jj ^^\^T - 

A;ener j— i^j <— iL^L-*-*-^ ' ^jj*^— -j^j • -^i pjj (j^ j~ii ^i ^ , ^\\ jLlLs-I 4.Sjij^ ^c-tisjj l^jjj< ?.j.j>ji i jla ^ 
Analog yo\tmQtQrJ^lui\JLiXii^\f>\JJtMM\^jiSAn^ 

(_j_lxl^XaJI JLl>JVI 4_<3jLS-<3 til! Jl.=3J (_^L<3^I JLl>JVI 4_<3jLS-<3 (j^Li2j Jl^VjJLI (_ya_»i2 jcILj . \ 

J t_xJL^ Ji4^ j_4JvVl L^jIaJI (^gJLJujILj^j^Vl jL4:>J 4_JL>-IjJI AjjUa-JI lL_12 jxjVI ^JU- 4- -^ 

.(_j-<3L<3l JLl>J| ;_$? ij-jjuus 4_<5jLLa (jclJ(?J ^jl (-.lA-t^ ( Jl_^^l (jyic JlJ.<Jl^l 

LL^I lil La? ( Open ) J-x^ «L> jLji-jII jl Jju I JL^a oiyiUJVI 4- ^tJJL^ ^jLla (jjii^l lit .0 

.( Short ) j-ju^ 4j JljvjII (jl Jjlj I JL^a (j;yiL>oVI 4- 3j-L<.i^ 4-<3jLL<s 



(_^1 J ■^ '-^ (_p-« (_)iijaic_L<3 (^^Li.rj.a (jyic (JjjLlSJI Jijv jUi^lj 4_<3jLSJll (JjjLjS (_jJLc jUj-cIl! JjI! I da-uisl . ) 

.2000 Q 
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m 



>SJjS 






■\ 



m 



>B^*S 





:^L^x^l^U^j.rtl^^JI 


^l.lj^l ,JJ, ^ 2 J^lj ^ J-x^r.:!^ 




^liJI c>"LiiJL. i^\j2l\ 


jy^\ ^LiJL, 3.(j^( ^^^ 


^\uUSjj2. ^\ fllr-ltlj JJ-t^ 4JL2W 


IjjV 3j-L<.t^ **-'j^ 


Ijjv cj.tk.us Cf.\j^ 


^L^ 


ajL^ VLo (^1 Ijl3. LJU B^ljJa 


ajL^ VLo (^1 \j^ LAlc B^ljJa 


JUaI^^U^L^^Ux^I 


(j^j^ij ijiLi) AjjiU X^ljJa 
( 600 Q ^1^^ 


A^L^ VU ^1 Ijljv <^Li i^ljJa 


JU*l^>U^L^^U,^ll 


AjL^ VLo fj\ \j^ Ajillc i^ljil 


(600 Q ^1^ 03^=3 "oU) A^^U 3^lj^ 
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Digital Voltmeter ^^jJIJLmI^^I jklOjuuLj j^kiuJI uUL«<djL^I 

■<\ ^ , ^\\ j nj t J ,~,J t I 2 Ajl ^t I ^ „l j'3\ ^1^ j"ij ^"ilj All , U^, ,Xl .^ 



3 ,_£^^I 3j_<3 (J^LlSJLj («-^J (J^LlSJI ^j-La (_ 



l^.^U 



sJI 4_<3jLS^ (J^LlSj j«^ 






1 ^LiiJI ^Uu^l iJU. 


,^liUl ^ML 2.\^\ j/^1 ^L2JL. 3.(>iJl 




IJl^ cj It t^ Cf.\jl 


1Jl3. 3j-L<.t^ «<^'j^ 




ajL^: VLa e^l Ijl^ ^U B^ljJa 


ajL^ VLo (^1 Ijl3. LJU B^IjJs 


1 


(j_J^lJ fiJlLc) AjJlLc 3«ilj^ 

(600 Q ^l_^ 


AjL^ VLa ;^l IJl>. ^U X^lji) 


1 


ajL^ VLo (^1 Ijl3. ^Li B^IjJs 


j_^^ij BjiLi) AjJiU B^ljii 
( 600 Q ^J\y>. 










^WW 1"^ N 


V 






+ 0- 


"O 











Cl-l-rj-L! ijSjLHI 4_*jS) al fl (r^tl (3>i:><;| '^ (jylo- 1000000 L2 JiLa 2_l!Lc. 5_*jS jj 5j3jLSj3jIli-l .Y 
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(>« Vjl^ eJj^ 50 J I 1600 ^^ J 



ti^LV^Cr^' 






, lA -V JM " , „ .j^^-— ■ j'j . ■ 
Li-i-ul * ■ ^-^" ■ -" V LajLJ^. .aL«_*^I J-i^jj LaJilc oJ^ 600 









(_yic Ji_9_^^l c^jiaJI J-tiaJj 2jIa_L2i! ( + ) (_c--v_^l c^jiaJI (_yic jILps^^^ I jL^jsJ j-a^-^l c^jJaJI x_«iaj .\ 
(yu]ij>,i\ yL^=i ^ 4_<iajiic_L<s i/ajLSj3 jILps^^l jL^^ ^ '-^ «j ^jl (_i_:fc-i3 ajJaJiU (j-ujLuJLl (j-LSj-LaJI 






uLuiJU^Vl uLwLii lijj '^>tli ILuuuJI Sji^'if I uLuiJU^I 





I§_ 4 i^ii^VIo i/OjLLa jILiA^^I jL^ (_yla_»j ^jl (_>.A-t^ ajJaiii! (^rVj'-^' (j^^jJ^I (jyic 




.^ 



P 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



.j-bj Jl>-j-<5 (Y) J JlC .Y 

.(_yjjji3 JlJVJ^ (Y)J)JlC. .Y 

/ ^iibu4l ^JUJI 
1 Mohm ^ o-'U^' jU^ 2:-^-J^ t^ • ^ 

(B)j_3jL^xJI X_<3 t-JLcJI L^J_LaJlj (A) Jj_jVl X_<3 JL^J»JL! (-.--^.jII L^jiaJI J-LI^JJ Jtlc .Y 
(B)j_3jL^xJI X_<3 (-..--^.jII L^J_LaJlj (A) J_9_jVl X_<3 JL^J»JL! t-JLuJI L^jiaJI J-LI^JJ Jtlc .Y 

.tiJjj»Llj jL^^JI j-^j-^ o^ 





j^p 


.j^VLjAkijIj 




Dl 


UJ^jb'" -^i-« 


Kohm 


Kohm 


D2 


.^^^^(^ , 


K ohm 


K ohm 




ZDl 


j-^ -^^ 


Kohm 


Kohm 


ZD2 


j-^ -^^ 


Kohm 


Kohm 


LEDl 


CT^>^ a^><3 


K ohm 


K ohm 


LED2 


^J^ O^ J^ 


Kohm 


Kohm 
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Transistors j^iWjJlJlil 



S.' 




Fij;inigcenres-J3 



t 



4_JLc j I'-^j JljJlv j-t-iiic j_<i /tjl_iJI (jLs (j-tlLi^j (jj_^xj ii^_L>ij (_yjl_(iiJL! iiiJLj ^'^ -'-^ c^Ltiaj LoJlIc 

( dlljjp" f Ifjiljjj) 4_jjj^jIl^lJI j_t^LL£. J_LJ_^iIlI( A_lL»AJ AJ-SjJ 5.rLlA_li5 iJjL-^i (_5-<fc Jj^^l I|_ L^ V J_L±^1J (J t 




cj^LoI^ j-^iA^jj^-^j^rpJi o-^^j^i I JL^^>^iiJ>o9tC>«jJLj^>d«jjj( Collector )j^ I .s 

.3juiUJI j_<3 (reverse) ijM.'^r J^jjj ^ ^.jiJli (><3 ^^uji 5_l».aji 

.j_*^i j_^ (reverse) u.n^rj ^^i ^ (forward) i^Ui 






■ 4-Llu3jj Jiic 4_be-i.~aJI cli^LaLv ijja ijuu^zi 4jo^ ^Uitj _j42 tiiJjuj « JlcL^Jl! 4_ujii!L (lOrWarCl) 

:PNP ji j^L^jiipJi .> 

.PNP Jl jjl^JilpJI 



PNP Jl jji^jiipJi J^=^ 

:NPN Jl jjwpi^i .Y 
tiJJJLj jj '^— "j^ P 4_^L>.j^ bjljvIj La^Iuj N ^jLTllIL-u (jLiuiil ciilj^^ ihyci (_yic NPN Jl j^n-uj^JljUJI fj^j^>^ 

.NPN Jl jjwpl^l 



NPN Jl jji^jpi^i J^=^ 

I§_ ^jj; ^"I'q 3 Jl^LaJI Lai tiijI-Lxij (jyic x_«^>J,l (Jjp^Jij lLLLl^ Ct^ J-^I (j^^i-u-aS tiijiL>oL 4_i_beJ.ll <^-^l 

pj_jj (NPN j (_j_«_LXlJ pj_j 1 ^0 »l (j_<3 l^"r LLi^ iiiJ-La (_>_l.r:L-->0 (— lljj;" r Cfj.jljlljl (j_<5 plj-JI tiJLijij .lU fCf^l 

: jr^lUI o£}-ajJL> ^/''.-jj^" J^'i^W ^I^^Vl ^JlA Jlc^J (PNP) 



I ^— - t <t^ f -^— i I 



I JLjij .x_<iJll (_5-1lc ^^ mil ^Lj>oIj j-^j-« I§_ j_<i (Jj-aJI (jl iXP-' '^^^ (3-^-^ S^j-^-cj-LlI ij^ (Jj-^' oJiuvV J_<i 

.X-liJll ^ jLuJI ;jL^J-UJ ^L>ijl (_j!l J_uIuJ p ^ • -^1 









lb^j4li WJ' ^>^°^* ^^sJ^\ 



>.jj L-4^J J I j_^iaJ Ij-^-li (^A^iL'^^J-^ ;j'*J '''^— ' ^jLllcI I 






;jj^-— 'J • ■■ 3Ji_cLSJI (_j!l jLuJI i^j—L.aj L<3jL_LiL2 jj" f cfj-iljUJI ^.LilLal jl (J^ji-iIuIl! ^-LLIa^j 3 J_cLSJI (J-«-»3 

jLjJ Jljvjj aJ I jl (j ^—~i 1 J .((JJJ'-'J^' ^-^_^ T-LLaJLI (jj^-— I ja) x-iiJLI (_y 1 ?t_«.:>Jll (j-a jLpj' ijL^j-ujj ,_3£>^ tiJUji 

HPAC-100X 





(_j_ljLiL<J Jj T li-uJ-iIj-I 



L^^l^. 



Col lector identified by angled lea d 

<—lm2Jj (J- t -t ^ ^glUl 4_LLiL<sj (_j_tiLi=L«jl ^L^>ij 2! I ^ 'j^P (J-*^-i:f ^J (_y^L<s^l ^L>ij ii I ^ 'jW^ jj T Li-u j-1 IjHJ I (Jj-ajj 

. jji^^j^ijiLii Base j-A^^a 4- jLp L^ j-«:? "^ cj^-J' ji^^' ^.iiaj^ (_^j t^jIjVlliikHI 
jji-^jjljijl Base ^-juxla 4-jLpj.a=ji L^ j-<w (pJi ^-uinJi ^.iLaj-o (_yjij tliLxlLxiQiihUil 









ILb^jjIi WyJI Sj^Vl CiiusJiSJ\ 



^^ 


Ic 


'% 




4^JA;Xl 




jjjitiaul 1 


V,f 



Transistor Connection Typesjjiwpljm J*idj33i>l» 




tiJoJI t_^jJ:iJI dij^LiTujij r-j-iJI fijLiLj (Jj-ajj (_j_iLiiJI L^j_LaJlj (JS-jJI fijLiLj j^n-uj-iljUJI l^Ij^I jlvI (Jj^ajj 
.'a 'fi\'['-tzA (Jj-Ls cj^liu 4_jJj^jii^xJVI j^ljjJI I§_ jjiLjfjJljUJI (J-*^jj '\^J '2>^'j (J^^' Cf^. 

:CommonBaseliS>tt;il3aALd)l .^ 

jr^ ^j-^^' bi— ^i J-^i^i 'Emitter and Base 3 j^-^UJij j_^i jr^ Ji-jJi ^ji— ^! ck-^^iJ 

ji-jji jr^ L%p_^Base bjl^uji L^j_U(ji Ji^^Lj Base and Collector ^jl^ujIj j_*^i 

.Common Base i%pAii bjuiUJL ^jl^ J,j^>iJI i^j^I^ c-l^.. i jl^Jj ^^jJ-JIj 




Common Collector l^>tf;^l3a£LdJllii2j>kjjM>4j^jJI>ji;^JS^JI 

:Common Emitter d>tt;il ( 66L1JI )5tt;il .r 

^■i-Uj j-A^i (j;A_i ^j-^i «ji-^! (J-*^i^i (Emitter and Base ^..uij zjuiUJI ^ij Ji^-jJi ijLii J^^jj 
c-L^.. I JL^j '^j-^'i J^jJi LTH L%H-^ Emitter j_Aii l^j_U ji Ji^>Lj Base and Emitter 

.Common Emitter t4pAii j_^L> ^ jla J,j^>iJI ^%>la 







Common EmittQr ^JLui\^^^^UJhi^^^JiMujj\^j^UlJS^\ 

: Common Collector d>ailj**t I .T 

j-iii g;^_) ^j-i^Ji BjLit J-x^jjj i Collector and Base j-<^ij 3 jl^liji ^a_i Ji-jJi ijLii J-^^jj 

^^j-j^ij JiwjJi cxH L%H-^ Collector j_*^i l^j-L= ji J^^^Lj Base and Emitter j-a^Ij 

.Common Collector t4pAii j-*^L> ^jjt Jj^^jUI ^i>i= c-l^.. i j^Ij 




Common Collector d>«;il ^^ I ^jlaJ J<tf>« j^IttjJljj i;^ JS^^Jl 

x-A^i ^j 1^1. Emitter ^■i.ii L^Jb Ijl>. ^.SjSj (j_j^=3 j^i^jjijiiji 4-Base ajLcLiii ^.LlLs .^ 

.Collector 

La? L^la ^IjLi I^JlC ^\Jua\ 4_t^i.<w ^^■J->«J 4_be_JiJI (Jls^LaLnJ L't-nTu-a EmlttCr ^-■■"u.U jj^^j .Y 

x_<iJll ^j^ 4_<3jLaJI (— iLbe-iToJI <^l-c. j'j-«i (jjJ^ (J-*-*-^J x_uiilJI 4 ?ijt?i-^ ij^^s~l2 Base 3jlcLaJI 
.j_uiUi d^^^ j_*^i u^^suij Collector j_c^i Ji Emitter 
^ j_4^i <L^j Ui Luij Forward ^^Ui 03^=3 Emitter-Base bjuiUJI ^ ^1 a^^j .r 

Reverse.4j,„^r jj^V'^ Collector-Base bjuiUJI 
jLuJi ^L>iji (_j!i A^jjJi j-LiTuj 1 4-Lig. p ^ • ■■ jjjv^ j^Li-uj-iijiiJi L^ij^i 4_i2j (J.C Jii/mitter x_iiJii j-l^Tu . 1 
^^1 :^ Ui Emitter ^1 (> UjL^ ^sh jLliji j? ju>oPNP ^3: ^^ i( c^i^^^i ) 
. Emitterj_^i j\ >Uh ^^ jLUi ji jl^NPN 









ILb^jilj WyJI Sj^Vl uiusJiSJ\ 







NPN 



6 



FNP 









. jjIslIiJjIji 






j_i_c (j'^IlLj-a jJ I (j_-<3 1^'\ ;jl ^— ■ liLa .(_yjL_uJI aL«_*^I jI—JlvI j«_iji£ ^ L2jL_<j< cj^^=3j-i\ <_ iIjI—llvVI 

pj_j jl {ji lt^ oi p>^ (IV u'-^ '-^! '-^J-*-^ ^ i^li*^ tj j_jILj<jJljIlJI I§_ L^lj^^l Jjjj3 t-^j-*3 (">I^ lil 

:^'^l Jaaj j<U£ (_yj (jj (_yj 

NPN (jl CT^ ul ^^J <>« J>^j^lA" u|-^ J'^^;}-*^,^' 4- «^'j^ CT^ i.".lir-i-w I jl 

t^'i?! J^ ^ A^L^ V La B^ljJa ^ c.\,^^ I Jl 

?t_«.:>iil ?t-a jUj-cHJ jjij I (j-a l-j A -jJII t—SjJ^aJl (jaL/aV .Y 









ILb^jilj WyJI Sj^Vl uiusJiSJ\ 



V 



H^ 



,^>-^ 



|j 




UJT AjLtf^lJU^JJ|^3^l>jJAft^^Ld^ 
ti._po Base2 j Basel o;a_i ^jLsii ?j_2i j ^jVi ^^ ^^jJi j:lj_4jiUI 4jt ,^j j_ai= .\ 

(_^lg. ( 4_ijIa2JI (_>xlJ=l»j ^ .4_jjLi!l fi Jl^LHI (_;,JLc ( - ) J (JjVl ^Jl^LHI (_^lg. (+) x-tiaj 

J Emitter jr^ ^jLsii t_x_caj^i ( + ) .Ml ,„ii (><3 j Emitter ^^ ( - ) .Ml ,„ti j_^ .y 
i^ ^^ u'j-^i^ ^3-^ uy^'j-^' l"ii^ Base2 j Emitter jr^ ^jL2ii j ^ Basel 

jri^^jLsii v-u-Lvi ( - ).Mi,„ti(>a j^i j.( + ) ji EmitterJ(- ).Mi,„ti ^„^ri .r 
L^j_^ jry^ij-^i LiJi^= Base2 j Emitter jr^^jLsiij ^ Base Ij Emitter 





"Bottom" view 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



jjl<^Jil^ ^Ai Y 

.CJ*i\-us^\ ^Lulul (jjIaJ iJ 



.NPN 



t^ Jjl^>l^ 



loD JC .PNP 



t-^j> 



pipB e? A~D.. 



.(_yJL»JI Ji^j^ aJtielLtxiJ C J A 

.(_)iajaic_(Jll ^.i^Hi! AjLJe Tn - r ij Jj j U 

:(_^LiJI Jj^l t^^^oj^ jjl^jilpJI ^3: ^ 

SC19232:jii. 



^J^l 


t3^^ 


A 


PNP small 

power general 

purpose 




B 


PNP power 


is^ ol is^ t^ C>^ h^ Ji^i^'^^ 


C 


NPN small 

power general 

purpose 




D 


NPN power 


Ui (sriolfj^ Cy h^ J>^J^'wH 


J 


P-channel 
FET 


(_yj fiLlflj Ct-t^ 


K 


N-channel 
FET 


jl fiLlflj cujJsi 



ajjJL<3j.j>JlA - 
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^ 4_jJLc 4_<3jLS^j (_j-<3La2l i^yj-us^ji\ ^ 4_tiajaic_L<5 4_ajLS-<3 ^ '-^ «" (jl "-^-^iJ 4_ft.LLi.rjJ I 4j_i^ajJI (jl ii~-J^>- 4.JLt<aj 



PNP 



f-j_i (j-a jj" f ifj-iljUJI (jl (__)l3ljILal (_3-1Lc jl—Lli-isI 







y^ 



^ 










ILb^jjIi WyJI Sj^Vl CiiusJiSJ\ 



E»illir lead 




Collector lead 

it to 1C4.|| 



■ (j^4-ft^^3^ )(ji^\j^^\ ^JulLo (J-uLjS j'-d^ -^ 

.1 M ohm^^LiJi jL^jv^^jjj-cis .Y 





E ~ j-<ijvi 


C ~ j-*^! 


E~ jj^i 


C ~ jj^i 


C ~j.*^i 
E~ jij^i 


E~^f 

C ~ jij^i 




TRl 


KQ 


KQ 


KQ 


KQ 


KQ 


KQ 




TR2 


KQ 


KQ 


KQ 


KQ 


KQ 


KQ 




TR3 


KQ 


KQ 


KQ 


KQ 


KQ 


KQ 




TR4 


KQ 


KQ 


KQ 


KQ 


KQ 


KQ 











lb^j4li WJ' ^>^°^* ^^SJ^\ 



(OFF) 3Jij^j-<5 j_i^ J? (ON) 3Ji_^j-<5 (jj;^" (jf Lai a'jJt f<^J==LSe^\ fijLil .(jji^'^l (>i^jiaJI j-lC JJ>iLi 
. j^Li-uj-i IjHJ L=3 p ■^ '^ -^^—^ 4-a I JlJcTli-u I ^^-— • ■^ ' Vj t-LLLc^s U-*-*:f JJ^i-i-uj-jliiJI ^jLs tiJJ jjj 

SCR ji cr- lh! ^ 

TRIAC cUL^ Y 

DIAC ^L^ r 

(SCR)jl^j-! 



!/ 



il_^r 



jf flJ-L<-l^ cllLj-CS 3^^t jf ?r-l-a (jj-lc J^Li CxjliJI jLllU T-LLLcS (J-*-*-!' J-& SCR ^j\ (j^ (j.a-tJjJI (__)l3jJlJI 

L<a-Lu 4_)jLiiJLi Ij-ja YO ♦ ♦ ♦ «L.Sicj <L;eIl3 ^'^-— • ■^ ' <LcIjj1 ^^» > (jl (jy^l^^^ '^^ ^i>-" t-lLIa^j oL^K (Jl (J-«-*J J 

.1 Jl^ (*_5^ l'^j'<Li=4-a L>-LLLa Jt^jJ V 

2^L«JI I|_ ^jj_^iJ t 4_LL<.a ^ '^-»o ijl— <il (Jl 4_jl_^l (__)l2.j_»in LajLijL2 JljvIj ^L>oI I§_ jLl1!I SCR (Jl J>-<WJ 

jLjlII (Jjt-:><i (^j^^JI J^4^' O-C. ^>^>_LC. J^^^\ (jia-aico (_;yIo- j-clu-uj j (Jjj^jIIL SCR Jl IJljj ' (_)-iijJ (j^ «jW^ 

■ ».(_,i7t^ Mr cf jl (_j.jj< (JjjI (Jl ^jl (_^JuV <jl_^l Jlic. Ai=L»LlJI fijL<il ^Iji tjl ^li^jrtLj 4-*-><J_9 .(jLj-coJL j-clu-uj 



tljl jLJv_jiL=3 4_tJj^"i'^!Vl tljIjJiVl ^ l^ta (JiLa fi 






- Y .r - 



^LHIe^ 



l!l (_yic t (—1 1 JjTli-u j-l IjHj I J 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



3^jt if^'l (JIjIjJl^I (Jljli (— iljj" I cfj-jliUl Ci— j - u j Jl_Lcj ( 'Cti^ie—uj ?<— i-«J jjILiJijjLiijI Ji-J;^ C?-^ JLg.l_i. r jj lJuLcj 




:aji>s;^vi a^^ji 4;i£ ( SCR ui cui^ aAdL:b^i :a^ji^ 

jl 3jJl.SJI CjVj-J*^ jI [-J.'' '^tl'^— ' fiJ_U_=3 fijIj^JV X_lIaJ (JJ^J' 'j-^^^' Vj-^ JjTLl-UJ-jliLlI (_lJ~Ij3 1*^^'-'^ -^ 

^jjJ=ljJLj_ijiJI ;jj y '^ (j—a -^ ^^. U »_iJajj 4_Lu.ll L^-L^sLal ^ 4_!jL»JI ^jl^ ,„1lj cl!l.Jjj_!l x—u2^ (_i_->»j . 1 

. JjLaJI ^l^,„tl ^Lv ^ ^_>^UJI 

1 tl*^ fijlj_^l cl!l.ijL_l-<3 (j,-1Lc 1 ^"m j"" (-_l_»lJ^ 4jj^L»<aj jL«^l. r j.a (Jj=J_iIu (jyic icj-U-ilil <— 1 1 Jj T li-UJ-j QL! 4_ujiIjLjJ 






uLuiJU^Vl uLwLii lijj '^>tli ILuuuJI Sji^'if I uLuiJU^I 








jj*'^^ 



5x> 



SjIjiA) I ^JUft ^ jmiS^Lj Cu^(i^l ^Jl fk^S[:M Jb->« ( Y ) JSLw 



. R X 100 ^^Ji3j ^jVl ^ ^jJll ^Lii^ j-xi= . ^ 

■ ■^jjl'^tl x-a jL^jaJlJ t_JLxJI (-^jiaJI J->^J .Y 

.( OOcbL^J V) ^jj;^^ 4^jLS-<3 (Jl (j^LHI j-L-Tuj jl c^^ ( J^jVl x-a jL^^ 4-^iJ>' i-^ji^l (J-«^i -V 

I JlV ^lll^ 4_<3jLL<3 (JJjLlSII ij^ L^J.<J1 ^LLLo jI <-f.Lll.r:U ( Jl^^l ) L_xJVjJLI L^jJ^L <jl_^l '-^J^ (J-*^J • ^ 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



lj\ (_>-->0 i 4-ajLl.rJI <"<ljU-^tl jj^^J JjjL:=JIIj JI^^I (j^ J*^— ' jL^JsJI L^lj^? (J-LI^JJ (jat^l^l .1 










lb^j4li WJ' ^>^°^* ^^SJ^\ 



(TRIAC)dLjiUl 

(_yJLi!l (j-tLAjjJI L^jIaJlj (Tl lLs-l^JLI jiaLo )JjVl (JjljjjJI L^jiaJI (_yAu^ L^ljlal Aj>Ij (_^ L$>^ ^^j-pJI 

.G <jl_^lj (T2 JuLx^l jiaLo ) 



ff 




j-a LU^j-a ^Liai SCR JJ j>j3L£=xJI ^ U:L£=l2 tiJL^ ^QJI ^^jJI l^j-LJI Ui .^liJI SCR JJ 
i^jll (jryjjjJI >L^ ^ jLjUl JrH^i^i ^^^Ul ^L=L^L. tiJL^I jLa ^JjJ .JjVl SCR JJ ^jjVl 




Q^ 



*r*^ *;r-¥Jv^' *^/k^ 




jLlQIj d^l j^^Ij t^ JUJj , (ilLjjQi JA ^L'tfM ^^U) 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



^ ^^ ^J (j_^xJj ('.'J^~- •"J^J"'J?' )<— iLjJljJl!! ft> f cflj jl ^-^ al jLJeTi-i-ul (ij-lj (J-L^-iTuTl! I Cus>,J tiJLjIlJI jLllvV 

. R X 100 2^Ji3j AjVl (_yic t^jJLI r-lLLo x_J3 .\ 

.tiJL^ (Tl ) A^L^UI ^ ^L2aU c_JLcaJI L^jI:JI J^j .Y 

ijsjLSjs tiJLIi Jlj^. (j^L-Lg-tl (IrV:^ i-^j-<-u ((jjjLmJI jL^^ l_(JvjJLI l^jJ^I «^ tiJLjILlI 2_)l^ '-^j-^ (J-*^J -^ 

.( 50 Q (j-a Jll ) I Jl>. 3j-l<.i^ 

.c:ixJL=i L«.=i I jl>. flj-L<.i^ jL^jsJI Liij^ (_yJI 4_ajLSil ^ ^ _■" ^ji t— xj>o ttiJLjliJI <jI_^ J ■^'^l .0 

JJ.^3 ^ iL-JLjJI L^jJ^I X_<5 1^ J CjJVjJLI L^jJ^I «_/3 1 1 ^J Ir^" li~.;pO ( 1 Z, 1 1 ) ^_y't-ljjj^ (JjlJ .1 
H 4_^LLa-<3 tiJLjpJI jLiTlvI 4_»ljIu (J-^XJ j^ lil i^LluJI (_>xu2-l (jyic. J '^^ ' ^jl 4-1-^ 4_^LjjiJI ' ~ » I J l^ -^ 1 1 



I§_ A^xrcli! L-JLiJI I§_ L^llilijj (ila-S^ 3j_Li_*^l cIiIjJl^ tiJLjJI aJiiej_txiJ5 T2 (Tl (_^jL>- J-i-i^jj 



N 



o— ^ (_$! (j— Cj_J^ 4_aL p j (J-Li-iJj (_i_jij^ J'— P J— *^ t-^j—cob 4_tiL^jL«JLl (_jJlj_liJI <LLi_t^^gliH ^ji_<i <-^3j>Li^ 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



. R X 100 ^^J3j ^jVl ^J^ ^jJll ^Lii^ j-J= . \ 

■ ^JLLiTli-uI Cj^soj tiJLjJI '-^ J ' ^ '^ -^3^i Ct^ J"^ ''^M^ (>uiL:>oVI (j-<5 



rO 



^ "-^ 








^jLa J^ r'litL 4_Ll.lII 4^jjJl! <^L<ii-<3 ^-^j-o jL^^I j-^i 'il ' ajLiiVl <-ljj\j j'-d^ 1 U u .^ I .T 

■ L^-lLu tiJLjJI (jl (_yic Jjtj \jJt> 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



bj.^^3 «U ^ 



Relay J-^^l 





J ^ Mill IJui (Jl jiiJi J^jJll (J-cil ^-Sj^ ^*4iaJ 



SUA 













lb^j4li WJ' ^>^°^* ^^SJ^\ 



<-f.LLi.rJI I§_ LjjLj.^^3 'j^P Jj— *^ L<5Jljx2 .i-jLLi-u LjJ^^ (.^j_aJLa ^.jjujijv 4 tt-i^ (j_c 3jL_lc j-&j (_yjLjj.^i=JI 




JL>J,I (_yui>llj lJlUI (j-c c^Lill jLjlII J'.^.^'^ Lojiicj taj^jljJI (Jl jLj-i-aJI 4- jLjI!' '-^i^ ij^jljJI Jol'^'j 
ai^ 4 — jiwi /isi 



CONTACTS:- 

-MORMALLYOPEN 
,NORf^l«.LY CLOSED 
MOVING 




"fflsf 




1 V 





CONTACT GAP- 
CCIL80B8EN 



R 










lb^j4li WJ' ^>^°^* ^^SJ^\ 






) 

t) 



(SPDT) jryL^lj jL^iyi c_i:^l J J J^jJll .Y 



:-) 



>-lj (jai-aM^ 4 t-i(?'< piji J^ t J oS^^I (jaii-b (jl.=3j.^ein (jLcIji tiJUji J^JJ (Jj>-jJll I jui I^ 



^-> 



(DPDT) jryL^^J jrl^kiJI ji J^jJll .1 



>) 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



u^^l ^liibuul JUa ^^I ^IjJJI ^L^ 

(_,_<i>lll.l ^_^i.rj-tIal-Lm JL^><II tjLa lJiJlII I§_ ^^jLi-rJI jLjIII J-ta-S-b LaJtlc <ljf (_5-&J 4 p^a ljJt[^ tiJUji 

SlJij=i (j-^iJj fij^ljJI AjUjv LLJLc 

jjj_<W aI .r-itl 7=-.«-<-uJ ^-i>- cr^L-i^' a1 fl <.^tl 4- J-*:? 6-' < ^ ^tl (Jl (-.-AI JJI jLl1!I (jl-2 AjJiLaJI 4JUJI 4- «LJi 
L^j; f cf 4 ^1 Ull ^JLji ^jLa «_ajjJll Jt4^l jj^^"j lJlUI (j^ jL;J^' J '^'^ ^JLv 4- .ila^ Jijvlj ^L>oL 4_j£ jLlI!' 



■ < h\i\\] fij^l jJl! AjLa^I Lj>2j Jil (j_ji=LJ tiiJjuj 3jl 




^IZJI AU,^ti:g_; 






(IC) :aiaLiitijiiiJJi 

INTEGRATED CIRCUITS 




11pinS1L(Singte-in-Linej 



: l^liotl jj Ij JJ I Lijjju 



_ji_jp£=JVl 3 



.AjJLc fi^_^ Cjli L4JI .0 

. ^jUJI tiJ>U,Vl cjM^j Ji2j L^l jLicl^l .V 

Lj_j1/3 ^^J-^ T ♦ _ a ' (j|A_i r-jl^pJJ 2jlj.jv ^-^j-i i§;- (J-<i-*3 (jy42 i fijlj.^! 4j>.jJij j_L±^iJI jjQJI . ) 









lb^j4li WJ' ^>^°^* ^^SJ^\ 






« 



plli-uVI aILLJI 2\n\<:^~\\ ij^ljJI L-x-dATLl 4j^L>- (_jiaj2-<3 aljuJeTLi-ul J-tiiif .0 



k=d 



cx804 yCX ^^ .\ 

HA1377 HA ^Li^ .y 

LC7351 LC.LB.LA ^L. .r 

TDA TCA.TBA.TDA.TA [^^ .i 



: l^LSotl jilidJI JdUdp I^IlS 

_JL^ lit La? ( ij^jJlllj tiJLaJI ^Jj; ^ m t tiiJij fijLcLi al Jiiej.ij<l J-tia-flJ ^jLal*^"!,! j^ljjJI Jjj^jj Jiic 
.L^jiaJLjU JaLSjJI (JLt^l (iJi-Cj 4j>.^jIliL<5 <_jj.SiiJI ^jl (j-<3 Jl=3G I ^^'—■''^ J_Lc 3JlcL£ (JJJi-J 

: Limi u VL^ j^mJ l^liotl jJlidJI j^jjilj 
short LiiijI=Vi g;ij J^L^ ji cAj^ j'^'" ■ ^ 
open circuit ^\Mj:^\^^ .y 









lb^j4li WJ' ^>^°^* ^^sJ^\ 







ftrni.rtftA.fl-n.A- 



VV^JVJ vw V vv 



^t-irilU fijL>-jJI .Y 





LJlc J*^ Mf (_yic. .X 



4_jJj^jIi;=JVl 3j_^^l l_xJLc.Ij jjJl-lcJI 3j_^lj jLiiJQJIj j_j^ljJI 3j_^l I^ <— iLa- i>io^ I ^ i^itj aJlJcILlxij 

. ^JJjiJQJI 3j.^jvfj (ji^rrltl J .~<lj^>l Ull I§_,J 2j^, Ull 3j.^JV^Ij (j^Li2jl aj^-^-l I^ tliJ Jl=3J 



: J^xAJI 4- U^3 4^LJI t^jL2^ 0-"^=^ -J^W I J4U uiiljIaVl 









lb^j4li WJ' ^>^°^* ^^SJ^\ 




-.Jll^L^'^ 



yassi\J\^JJ\ A 



Linear 4,ikiw .^ 
Digital ^Lu^j .Y 



I ij^ijJ j_j^ij ji (3^ 






u^n 



jLaJQjIj j_jjljJI cj-^"\ '4r <— ''^ 



3 Laj-CC 4_LLii«JI Bj^IJlJI (J-q-'CLl.rjJ 



.4_lLl>- fij^lji 555 ^JiaL^iill aj^ljJI j-LLtjj 2 ^^x;\\ AjJuilJI j^lj^ ^ til!JL=3j (jiiLJLjJJLIj 

:ULjI> 
JjLuJI ^i^^ L^i .Y 



.Liki>- 2j^l^^^joj2)jj2j^l^(Ja^Vl :§_^jLieicajj555tlii«LSatljJljdJlji^ij 

SI jJ^j ^^^ -^^ ^aJ ALiaLJl ?tjl jJill J^\ (j-a t5^J t— lliW-iJudll AjIaj ^ 555 illflj^]) AaJJ^ aJjlJ aJ 

:^LUI J^=^L 555 oljll i^o^ Jlc^j .MC1455 >jl ^^^^ 









lb^j4li WJ' ^>^°^* ^^sJ^\ 



Output O ; ^^H 



:l^jI3 J^=4^y L-Lc 


^J (_yL Uj^ (^ijlsf 4_J 


JLaJ LjJ 4^.0;_<iJL3 JijJ>.>l3 Lc^J 


cijlall 4^.U,j 


(-ijJaJI ^\ 


ei>J| 


2j^ljJi:s_^l_j| ^(i^\\duJ^J^ 


Ground 


^J 


1 




Trigger 


^j^jf^Ml.! 


2 


ij>o^_<SJi r-j-^ 


Output 


t>^ 


3 


J 


Reset 

1 


.UmMI HJiUl 


4 




1 
Control Voltage 


^.^=^1 JL4- 


5 


^j Ji J^.^. ^jUJI ,.,i^l J^ J^.1^ 

A-»^(>a y,^? V/Y J Jal r/Y g;ij uilj-LaJI Ijui 


1 

Threshold 


e^juJK 


6 


-- 


Discharge 


5t>^ 


7 


cJj^ ^ J g^j 


Supply Voltage 


AjJiioJl jJu<a^ 


8 






5 5 5 Ci^^ I ^ I iAduu 1 3>^ 

^^Liaij (monostable jIj.2:l^VI ) i^^L^Vi j_j=yi ^^.^.oj jjVi jrik^ ^ ooo oijii J^j^i: <: 

.(astable j?-i,„aMJi) j_j=yi ^ ^ , „j 
: (monostable) jljilttVI ^^L^^l jti^' 







« 






, r,^1 



■li b^Jai ids-' ^jb 

jtCLj U' (jj^! (j.^'^'Vi U J— lisjJI JlJ^. ;_^^L«JI 4-'t.iJjj I§_ (T L^jJ^I) oSjJLI ^>ie-a dj)^~^2 >^>" '■J^ 4" 
cJijJlj*^ cjHai tiiJJL^j (_y^JJJ f-LiijVL A-jo^iToJI (j-a t^jUkJI tjL±j£ Y l^jJ^I JlIc i^\-uj ^^^LLal 4jiajj (JLj<j1 

.i^\-uj ^^ial 4jia_u L^^JLc ' t-^ I • " I '^l'^— -■ JJiJtA Ct^^ cJlvIj 4jia_u 

^ejijIjiJl ^j-^sto J'-i^ oia-JJtJI 4^ cr^ L^'-*-^' U^j-^' ^jL>iJ ' ^^^"^ «I>^=Jj .('^ i '^^^ i^Lcl 

:^Ll!l (jjjLSJI (-.i-i-riL^. (_)ia_aJI «j.J-iij p '^~' •>-"l^ (j La JiielLtxiJ La-&J .i/JjLS-a j ' ^"^^ a Jijjvj dij>^V 

cJio^aJLl huM X i^jLiaXI i-<MS X \ ,\ = (Ljjj-Sj) Q-ajJt 

.j?"i,MaMJi ^yi :§_ j3^=l: ^lui j^,':,!! :§_ Lc^= 555 oijii J^j jj^ :(astable )jilttfc«^l jii^l 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



pqj-LTL-— 




V^: 



^ (J^^-Lat CjL<ia_u (JLjfjL) fljjl JlU ^-q-i-ijj aJojjI^ aLus^ 4^>oj.jjiJI (J^ "^ J ^ t-^lj^^l (jl Liji dajvz 



J /tJLu 3j^I jJI (jI (_ 



■ I j ^ »j ^^^ 0-* (j.^ mII -ij-*^ o-^j-" Cy^ '^ ^>^"->o rfu <j-i-«j fip-ii! (j?-^ 
jl ti._p- (frequency) ij^i jJi ^jl^ ^^jji (i^ij^ 6-^ uy-*^ J-^ uh ^^^^i-" Ih-^' l^Luj^ I m^«ij 



ijIL=i 3jl^12 i^yA£. o-^jll c 



^ 555 o-^jll <-p->L»^ jLiTcwV 3j^l jJI ^JL^ jkjLiei^l 



.^jLiTl'-wI Juu ^ ^J^ ■ ■■ ' C^jJll ^Iji (] 



» fiJJJ^I 



.«J^2IL<5 (J^iAj fi^-LiisVL ^jLjj1_(!l!I ^jLal o ir^il (^j-Sj t-^j-i-a2 L=»JL^ 555 c^jJll (jL^ lil 




.555 oSjII <-p->L^ ij^ s~=}h\i jLiTcwVI r-jJ (_yic ij^jl jJI ^jui Jjj^jIj ^ 






. ^.aiLa La\j <jvjIiL<3 Lai ^lal*^"!,! 3j^l jJI jf tiJJi (j^-SJJ (jr^L*-" J-^M-' j'-^^' '-^^ ^-;i-*4>" 

.4_l!Lc. «_Li1 <^lii=i ' _ • 1 1-^"" (_pJI j^ljjJI Ig_ a jLJeTmij MOS 9-^ (j^ ^JlaL^iILa j^ljj .Y 
■ All t-.lt JJil tiJ>l.^l^l ( _ . 1 t-."M (_pJl ^UaJjl 4- (=>J^"i---i-i3j CMOS f-^ (j^ UxiL:=Lla j^jIj^ .t 



.V 10 tyu rjlj^ -J^4^ ;| aI^^"!! 3j^I jJl ^j-a ?-j-L!1 1 Jui ajJi 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



cjLlajjVi :^ Lj^iiJi ljiLlJI t_jj^i j>u (Operational Amplifiers) oLL^Jl oUi^^^ ^ipi-i ^ 









"^>J 



c^ 



;^^-' 



.-f-" 



Ji-jdi jLi^ 4UI ,„i,i 3jLiVi Ui .^j-icli jlI^ ^Ju'^'^n L^^^ (Polarity) i^miU"^ jL^ (j^x^jLaJI Ji-jJii 

(J 1 (J_t^_jj L_xJL<j< A {^y_j (— i-'N-j-a Jl.^^ ».1 t^rl (j,-lc J^L^ 4_j JLJiIliJ jJi_«^a-<5 jj)\ r-Ll>J ^«vir i^itl (Jjjuiil! ( <^I-C. 















lb^j4li WJ' ^>^°^* ^^SJ^\ 



4jj jj;^ r'li a aJx- ihia J-<fej (Qj AJVlx 741) 741 ■^^. ,:->tl ^^ .,.^Oj\i~A jl-'*^! '"'I "•^ ''^''J^ •'•'' Ji "' 






:4_iJLl!l iljiUIL tiJJi ^^j'^l" l_Li:=L^j .L^ii-lj^ (_^ i^^jv^II 



^^ ijj^ lUiiJ -ivt^JAj 







rt 



-ajLiii ^JLJi i (feedback) sjujll 4-jJutrJl ^.ajLLa iji^ L&^jt^ (Gain) aixjt ^jV(>>"tl i:>-jjij 

(^a) (Ji-jJLl i^jLLa ij*ai / (Ya) fiJujJll AjIuTJI LajLLa ij*J^ = pj-^'^-'tt ^J-J 









ILb^jilj WyJI Sj^Vl uiusJiSJ\ 




/^ — vw 






.^li-l jJI ijLiVl ^„^r ^jUJI ijLiVl ji Ji^V 




[(Comparator) ^j^LSil (vLdil 









.4_L>.j-a ^«vir I >> t, I (j-a 4j>.jL>JI fijLiVl (jj;^" rab Yr- Jl^^' (j-a jJu^I ^ r- Jt4^l (j^^ 'if 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



t( Summing Amplifier )4,*4*) I (wLiJI 



r j1 ItKlDl) 



f^Mum 



'-—VSAr- 



■f 







:(_yJLl!l ^j^^LaJI (_ > -i. r :L > . (Ji-jJll JlIc 3J_^jJII Ji_j4:>JI J-A^ (_yJt-«^><JI rfuJr i^itl (aj-2j 
.4_<ij2JL AjjLxu-a (jatsLsJI Ji>-jJll I^ iLa^^jJLI (JliLajLHI jf clajvV 

: (Difference Amplifier) i^j^\ (Vttd^l 



f-ji1DflODD 







:(_yJLl!l ^j^^LaJI ^^.ujl>. (_)i-jJll JlIc ijl^^jJll J_J4^I rj-L^ (_^j^l ^icjiail (aj-2j 






uLuiJU^Vl uLwLii lijj '^>tli ILuuuJI Sji^"^! uLuiJU^I 











jiL^IIaJjJI .T 










lb^j4li WJ' ^>^°^* ^^SJ^\ 



^UuJIj diuJI JAft^ 



.( «LcU^ Y ) JiJlc .^ 
Xj.jj^3^0 (j^lj-c.^1 ^Jl»I^ (j^Ll jL^ .^ 




10 k ohm. ^L2Ji jL^jv^jjL^^oici^i .Y 

.8 ohm ^t^ j'jr" ' ^"^'-j -^-'■-" 'j""- '-^_ 2^i..-.ti 




10 kfl ranje 



,^lli!l t_(.txL>- JjJl^I 4^^L»:b a1 .0 



(J ' r^" a Z J I clj jj-a J^ JJ 









lb^j4li WJ' ^>^°^* ^^SJ^\ 



B ^^UcoJI 



. 1 ohm Lu>Sj <CL<3jLLa (jj;^"fcf ( j_<jjv^l tiJLLxJI JL^ajl (_yii^t2l .1 

.JjL^I :§_ Lc^3 jij^Vl tiiicJI JL^I (_>^i^til .V 









lb^j4li WJ' ^>^°^* ^^sJ^\ 



*.lj^l |_g^i-i.rj.a aLal ( ^ ) 4_<5^>Lc x_tJ3_^ tiUjij t flj^j^aJJll j_t^ l_L»JI ^j-o j_t^ai£. J^t ^«uj2l!l \JJt (JLc^sl 



( »bVlQu2j|jA)»bVl;^>uu 






(MJ 


45> 


V 


«>ul^Jjl^^ 












<^j^n^xJVl j^LulJI jj^j <^j^ 


^ 










Lj2iLi=II (_)<il^t2 (jJjUH 


Y 










4_jjl_(iL!l <— iLal ir)\\ (_yii^t2 (JJJ-CJ 


r 










jjILjij^LHIj jjILjfjJijIlJI (_yiirt2 (jjjl — CJ 


1 










4^U.,Jlj).MI,„!l^^^-'^ 














lb^j4li WJ' ^>^°^* ^^SJ^\ 



ujJUlf^j^ 



ujidUluU^ 


























.j-o^LulJI (><3 Ju^Jll <^Li=l t^jJLAi! c)^^V3 lJ^^\ aJ-& 


(Sj^tlj2j!jA)»bVl;i;>Lu 


jmLoJI 


o2m 




j2I« 
















4_jJj^jIi;=iJVl jj^LulJI jj-aj 4^j-*^ 


^ 












< ^"1*^1,1 i_y:LSej2 (jJjLxJ 


Y 














r 
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l^JL^I JJUJI filJLiuMil ILtdJiSj^JLid^b fiLftUI ul^ 



.L^IjUkVl O 



.LujP^aJVI LaM-JI O 



■4-uj^'i^^yi Ajo^LuJt (jjjU" o 



j.^*ij i^>u( ,>^>m o 



.^oSUgj^tl J^lUm ij^ ^i^jJi o 



.ij^^lj ejsLi"^! O 



J^I^LSfjo^jUl o 



.LajLJBjjjJLl JiljJLIj AjjJuJI JiJuJI JLvCmlj ifl^JL^ O 



.1 stUI 0Ll^I_^! O 



. .^Utiil cjIjjIj Sj.^! o 
,Lai j^UtUI LjU*J ^IjuiVI o 



ua^LijJI CjLLsLti>.|j (j^Lstill ^jja cd^Lijit ajjuuiafl ^jjjLftJ i*jlB O 



■ 1 «ig"j^-> i>-»'^j (_yul^u (j-ujl^Ifaa (y\'^\uM aL><J :(_yjl-ui (jj>-»^i O 



YA L»g3jii '■•^'^j L^j-^^ ^"^ uj^l "I aL>J •.t±Jl!t]| (j£;"»^l O 



. I ^ i^xj »ji l£1^L<jjVI i-iiaJj (jjjL*J 4-viL^ O 



. 1 i-\^ iiuaj aLtsJ :^_yjl!ill (jjj.^1 O 



A^^i,%\\ tkUJ^UJ tdJloJI oJ>^l o 



a J^v£. •• Jj(>J( jJ£;.a11I 






jjjp^ajyi «Ja2ll ' ^ ■^'^j'j lii^ (.yi^- OJjLw JjiSH O 



i\ .^ja^l j»UdJlj JL^I ^Ut^Jil 






tY 2Atl-,tl ^y.^-,^NI .-.l^jltl j^^U:;tl ,A'^-JjS!\ t^j^Q-tl o 
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J"^ ^UjjiLskJ dsL^jj r-jJ j_yic. r t-3^j>. (J^ui (jlc lLJ^LjiI lLIaj s-jj^^ :iiJliII jJjj-<mJI O 

t/y LgJLa ^lseil\ dl^j f^t^-ua J^ <tj ^jp^aJ^I ^J^2l\ aljJ t^l^l 6j>^^ O 

o« (_5j| jJ( i^jj.^! ^ijj*J o 

0^ t_ijjJLl f»J>2j ^ij^ O 

OY c^ljukVl O 

OY (AVO)(ji^3aVl )^I^Vl j^jLiO^^LiJI jl^oL^loiei^l O 

00 lk»'j^^' jjlaIs ^_^LiJ( jL^s. p (>Jt o 

OV ^aJj^-f^lVI ^JjJl J^'-^ cK*J^ O"^-;}^' jU^ ^-^i^ O 



■^jVl j.„iA.ua3 ^\11a ^laielt^l O 
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/yY CjLLsLi>.Ij AC ~ V^^uilil .1 (j->,]\ ouLil! (^>lusj^Vl)(ji3l_^Vl jjuil/j ,_>oL^I jL^^- ^J^ DdjUj 4-*j11 
La>LJI 
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^Y-^ Aajjjj^tl tTjUjlHI 4-<vai »^l^ =er^^' Od>^' O 

U. (_yJljnll CiLojLLat^lJlill t^j^^l O 

^Y lSJ'j^' CjLa_jLaA -t^'^^' L)d>^' O 

\Xt (_3j|jJ( ("WJ^I ^ij^ O 

M^ s^j^l (Mpj ^i>*j o 

MS 'in^'i\ya\Mi\^ju'i^jiy»a^i^jiJUix'ij^\j^\'»^ii\ O 

UV l_3ljLjfcV( O 

UA ^ a:ijP^=JVI ja^Lbdl JL^auifj j^j O 

^o-v ;t^,^11 o 

nv iTjLst^jK o 
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WV o>L^_^l dLj-i! o 
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